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In a previous paper (BowEN and Witson, 1954) the cytological 
effects induced by several antibiotics were compared with those produced 
by colchicine. Two general conclusions were drawn; (1) that the anti- 
biotics used (actidione, streptomycin, and chloromycetin) could be 
classed as prophase poisons as defined by p’AMaTo (1948) and (2) that 
the prophase poison and c-mitotic effects were the result of very different 
types of reactions. The present paper represents an extension of this 
work aimed primarily at providing better quantitative descriptions of 
the two reactions. 

Actidione was used as the prophase poison and colchicine as the 
c-mitotic agent. Both drugs were obtained from the same source as 
previously, but were from different batches. The testing technique was 
essentially that described by Bowrn and Witson (1954) and sub- 
sequently referred to as the Pisum test. Essentially this test consists 
of treating standard size (2.5—3.5 cm) primary roots of pea seedlings 
under standard conditions and examining their meristems for cytological 
changes relative to dose-time changes. In so far as facilities were 
available every effort was made to control conditions during both 
germination and treatment. All points shown on “reaction” curves 
are the means of not less than three root tips per point. 


The colchicine reaction 


From work reported by other authors, previous studies in this 
laboratory and pilot runs during the course of the present study, the 
following general conclusions appear inevitable: 
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1. Two characteristic mitotic configurations are found in treated 
material. One is the “scattered metaphase” (Fig. 1d and e) or classic 
c-metaphase of Levan (1938) and others and is especially associated 
with low dose, high dose for short times and with recovery from high 
dose (BowEN and Witson, 1954; Hyprio, Tsou and Wixson, 1955). 
The second is a clumped configuration (Fig. 1f) which appears to 
represent a stalled prometaphase especially conspicuous in peas and 
in the ascites tumor (LEvAN, 1954). This configuration is associated 
with high doses of short duration and moderate doses for comparatively 
long times and also appears to be the 
configuration most likely to lead to Table1. Concentration conversion 








polyploidy. table 

2. The degree of effect increases Molar concen- 

‘. . A tration x 10-* Parts 
with both increase in dose and in per | Percent 
duration of treatment. a |} ee ee 





3. No effect on the progression of 

events prior to late prophase can be ps ee = a 
75. 53. 5 05) 

demonstrated. 355.0 | 250.6 | 100 | 0.0100 

In order to check these points a run 265.5 | 188.3 75 | 0.0075 

was made using 30, 40, 50, 75 and sala ne & 0.0050 

100 ppm (see Table 1 for molar and 106.2 753 30 peo 











percentage values) over a period of 70.8 50.2 20 | 0.0020 

; 35.4 25.1 10 | 0.0010 
24 hours. A general scoring of the 17.7 125 5 | 0.0005 
samples gave the following informa- 3.6 2.5 1 | 0.0001 


tion: (1) 30 ppm produced scatters and 
almost no clumps even at the end of the run, 40 ppm produced a slightly 
larger number of clumps in a shorter period of time while all other doses 
ultimately produced nearly 100% clumps. All doses produced scatters 
initially. Since scatters can be produced indefinitely without clumps it was 
concluded that the former did not give rise to the latter but rather represen- 
ted a partial effect (see Hypri1o, Tsou and Winson, 1955). (2) Both time 
of initiation of effect and rate of change in effect were obviously de- 
pendent on dose. All slides were therefore scored in order to determine 
the times at which both initial and full effect were obtained. The initial 
effect time was designated as that when 10% of post prophases were 
deviant and full effect when 90—95% of post prophases were affected (see 
Table 2). It was later found, as will be noted, that a better definition of 
full effect could be made. When these times were plotted against dose, two 
approximately parallel curves were obtained, one representing initial 
effect and the other full effect. When plotted on log-log paper, the 
curves were rectified into straight line functions. 

In order to study the cytological change in time with a given dose 
in more detail a run was set up with 40 and 50 ppm. In this case 
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temperature was rigidly controlled at 22.5°C and samples were taken 
at hourly intervals until full effect as represented by nearly 100% 
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Fig. 2. Colchicine: Change in index of effect through time (40 and 50 ppm) 


Table 2. Best estimate of time 
that seedlings reached initial and 
full effect for various doses of 














colchicine 
Time in minutes 
Dose 
PPM Initial Full 
effect effect 
30 12601 —_ 
40 660 1260 
50 480 ‘780 
75 150 300 
100 60 120 





1 Uncertain. 


Table 3. Index of effect for 
40 and 50 ppm colchicine 











Time Index of effect 
omen 40 PPM 50 PPM 
1 0.20 0.39 
L/, _ 0.57 
2 1.00 1.35 
3 1.44 1.84 
4 1.83 1.93 
5 1.92 = 

















Table 4. Index of effect for 40, 50, 75 and 
100 ppm colchicine 
Time Index of effect 
i RES UL Oe Reset Pe ae 
hours | 40 PPM | 50 PPM | 75 PPM | 100 PPM 
1 — - | 0.06 | 0.09 
2 ~ “4 | 0.32 1.00 
3 — — 0.46 | 1.40 
4 — aimee fee eS 1.57 
5 — - 1.01 | — 
6 — om | MY 
7 — 0.47 | — | — 
8 — 0.28 — | — 
9 oe 0.57 NC see 
10 _ 1.01 — | —_ 
ll — 0.88 — —- 
12 0.21 0.87 ty — 
13 0.19 1.07 — — 
14 0.22 — — _ 
15 0.38 — — —_ 
16 0.34 — os _- 
17 0.47 — — _— 
18 0.23 — — — 
19 0.51 — = — 
20 0.52 — —- -— 
21 0.88 — —- — 
22 = -- -— — 
23 0.85 — — — 
24 L138 -- oa — 
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clumped figures was reached. It may be noted that the rate of the 
reaction in this run was much faster than for equivalent doses in the 
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Fig. 3. Colchicine: Probit analysis line (40 and 50 ppm) 


initial experiment. Such differences in rate apparently are due to 
temperature. In general the rate of the reaction appears to be very 
sensitive to temperature and, within limits, the higher the temperature 
the faster the reaction (see GoTou, 1957). Since the colchicine reaction 
is characterized by two distinguishable configurations, some means of 
weighting these had to be devised. On the grounds that scatters 
appear first in time and are characteristic of low doses, it was assumed 
that they represented partial effect. We therefore arbitrarily assigned 
an index number of 1 to a scatter and 2 to a clump which gave us an. 
index range of 0—2 for a complete reaction. When scored in this fashion 
the reaction curves in Fig. 2 are obtained (see Table 3). These appear 
to be sigmoidal and are rectified by plotting on probability paper or 
by applying probit analysis (Fig. 3). The sigmoid shape, however, 
probably reflects choice of scale rather than any fundamental property of 
the reaction itself. 


Rescoring of the original experiment on the same basis gave the 
curves indicated in Fig.4 (see Table 4). In most cases insufficient 
samples were available for the high end of the reaction curves. However, in 
so far as adequate scoring could be carried out the shapes of the curves 
are as expected. If the times at which individual dose curves cross 
arbitrarily chosen index values are plotted against dose (see Table 5), we 
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again obtain a series of statistically parallel curves which can be rectified 
on a log/log scale (Fig. 5). The general conclusions from these data are (1) 
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Fig. 4. Colchicine: Change in the index of effect with time 
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1 The 30-ppm dose ‘is so 
10 ——————_ close to the apparent threshold 
concentration that only the 
0.2 intercept was measureable. 
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Fig. 5. Colchicine: Time-dose relationships for various 
ibis tatneiagn and (2) that the degree of 





effect is dependent on 
dosage which may be expressed as duration of exposure to a given 
concentration. 
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The actidione reaction 


Previous work, especially that of HAwTHORNE and Witson (1952) 
and BowEn and WILSsoN (1954) have shown that actidione in sublethal 
doses has two conspicuous and consistant cytological effects: (1) The 
production of a deviant late prophase configuration characterized by 
over-contraction of the chromosomes and the gradual assumption of 
telophase morphology (Fig. 1g, h, i) and (2) the progressive but reversible 
inhibition of mitoses. During the present study a number of pilot 
experiments were run in order to establish a suitable dose range for 
our conditions, as well as to provide a check on previous findings. 
Partial analysis of these runs fully confirmed earlier descriptions and 
very strongly suggested that both degree of mitotic inhibition and 
frequency of the characteristic configuration depend on both concen- 
tration and duration of exposure. Therefore a run was made using 
concentrations of 1, 5, 10 and 20 ppm (see Table 1 for molar values) 
at 22° C. This run was subsequently repeated to include 15 ppm. 
Since cross testing showed the two runs to be not significantly different, 
except for 15 ppm, data for final analysis’ were taken from the 
first run. 

The major question which concerned us in the analysis was whether 
or not the two most conspicuous effects were reflections of the same 
basic action. In order to check this point we used two analytical tech- 
niques, one based on the deviant prophase (hereafter referred to as an 
actidione prophase) and the other on a function of mitotic inhibition. 

Since actidione prophases are spatially late prophases, one measure 
of effect may be derived from the percent of late prophase configurations 
scorable as affected (see Table 7). This type of scoring gave the 
family of curves in Fig. 6. 

If dose-time plots are made Table 6. Change in mitotic index through time 
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ned (Fig. 9 A) (see Table 8). 


While change in mitotic 60 39 47 49 29 36 
index might appear to be 120 53 40 29 25 33 
the most obvious measure 240 28 15 29 16 16 
of mitotic inhibition (see 300 21 zs, ae Ri as 
Table 6), the normal varia- 420 21 a rae ere ORS 5 
tion in mitotic activity 
usually makes it impossible to draw accurate enough curves without 
scoring an excessively large sample. While trend graphs did indicate 
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increase in rate of inhibition with increase in dose, a less variable index 
appeared to be desirable. We therefore chose to plot the ratio of early 


Table 7. Change through time in the Table8. Best estimate of the times at 
number of actidione prophases expressed which the dose curves (% actidione pro- 





























as percent of normal late prophases phases) cross the various intercepts 
Time Percent Intercepts in 

in j ion RS minutes 
Mes, | 5 PPM /|10PPM 15 PPM) 20 PPM ’ 30% | 50% 

0 0 0 0 0 5 94 | 118 

45 at MN 34 35 1 63 | 84 

60 19 31 — —— 15 45 70 

90 33 55 60 77 20 40 |; 57 

120 56 76 73 84 

180 72 91 94 98 “il 
240 75 2 ec ae prophases to the rest of the divi- 
300 98 = zz re. sion figures (E/R), a function 





which should measure inhibition 
but be little affected by variation in mitotic activity (see Table 9). 
This function will serve only if complete mitotic inhibition does 





700 





Percent 
8 

















0 | i | 
0 7 2 3 4 5 
Hours 
Fig. 6. Actidione: Change in the percent of actidione prophases/normal late prophases 
f through time 


occur. The resultant curves are given in Fig. 7 where it will be noted 
that 1 ppm does not completely inhibit at least during the period 
of the treatment. For the rest of the doses the ratio does fall to nearly 
zero. When the time at which dose curves cross arbitrarily chosen 
ratio intercepts are plotted against dose the curves for all intercepts are 
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statistically parallel and become straight lines when plotted on a log 
dose-log time scale (Fig. 9B; Table 10). Furthermore these curves do not 
differ significantly in slope from those obtained by using the actidione 


Table 9. Change through time in the ratio of early 
prophases to the total of all remaining mitotic figures 





Table 10. Best estimate of 
the time at which the dose 
curves (early prophase/total 
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in — r g figures) cross the 
Mis |1PPM| 5 PPM | 10 PPM | 15 PPM | 20 PPM various intercepts 
Dose Intercepts in minutes 
0 1.44 1.44 1.44 1.44 1.44 PPM 
60 | 1.10 | 1.26 | 1.20 1.33 0.81 0.2 | 0.3 0.5 
75 el by 0.71 | 0.55 
90 — — | 0,81 — — 5 240 202 170 
105 -—— | — 0.48 0.35 10 159 142 115 
120 0.94 1.13 0.43 0.30 0.13 15 140 120 95 
150 _- 0.67 — — —: 20 116 101 8l 
180 0.60 0.46 0.09 —- — 
240 0.52 0.23 |; — —_ — 
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Fig. 7. 
figures with time (E/R) 


Actidione: Change in the ratio of early prophases/total of all remaining mitotic 


prophase as a basis of measurement. This would seem to indicate that 
mitotic inhibition and production of the actidione prophase result from 
primary effects on the same mechanism. Also these results suggest that 
this susceptible mechanism is present from interphase to at least late 


prophase. 
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A third type of measurement, which in part reflects both effects 
is the ratio of early to late prophases (E/L) (see Table 11). The curves 


Table 11. Change through time in the ratio of early Table 12. Best estimate of 
































prophases to late prophases the time at which the dose 
Ti Ratio , curves Cross the various 
a intercepts (E/L) 
minu- 11 PPM| 5 PPM | 10 PPM|15 PPM | 20 PPM 
es Hobe Intercepts in minutes 
PPM| | 9 | 3 
0 7.60 7.60 7.60 7.60 7.60 
60 6.20 6.80 4.00 — 3.50 
90 es oe: ve 2.50 She 5 211 174 142 
105 wey sn pn 1.67 10 153 108 78 
120 | 4.80 | 3.80 | 2.00 1.48 1.20 15 | 139 | 100 70 
150 sin | bes arg 0.76 oe 20 129 93 68 
180 2.80 1.90 0.38 — 0.21 
240 | 1.80 | ear 1-610 | — oa 
420 | 2.20 | bei anil 








derived from this type of measurement are shown in Fig. 8. As ex- 
pected they are very similar in shape to those obtained by measuring 
inhibition alone. The derived dose time curves are also parallel to each 
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Fig. 8. Actidione: Change in the ratio of early prophases/late prophases with time 


other and to those obtained from the other two types of measurement 
(Fig. 9C; see Table 12). 

The general conclusion therefore is that measurements based either 
on inhibition or frequency of actidione prophase or a combination of 
both measure the same fundamental action. 
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The main value of the E/L measurement is the information which 
it gives concerning partially effective doses. It will be noted (Fig. 8) 
that after 1 ppm treatment the value drops to a new level and becomes 
stabilized. This is expected only if there is no or only partial inhibition 
of mitosis combined with at least a partial shunt of potential post 
prophases into the actidione prophase configuration. Knowledge of mi- 
totic index change combined with E/L and E/R data allows us to make 
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Fig. 9. Actidione: Linear relationships of all types of measurements. A Actidione 

prophases as % of normal late prophases. B Early prophase as a ratio of total of remaining 

mitotic figures. C Early prophases as a ratio of late prophases. D Common slope for 

all types of measurements. The families of curves in A, B and C represent various effect 
levels (comp. Tables 8, 10 and 12) 


quantitative estimates of total effect. While no detailed analysis of this 
type has been made, a rough calculation based on 1 ppm data after 
stabilization (about 7 hrs.) indicates a drop of about 50% in onset of 
new mitoses and about a 15% failure of prophases to go through 
normal metaphase-anaphase which state of balance persists for at 
least several hours. 
Discussion 

The data presented clearly confirm our previous statements concerning 
the two reactions, namely; that they are very different and that they 
are highly specific. A diagrammatic representation of the two reactions 
is given in Fig. 10. The action of the drugs is represented by “valves” 
at the points at which they are postulated to work. Thus if “valve 3” 
is pushed down (representing colchicine effect), normal movement halts 
and morphological transformation continues in situ. This is represented 
by the detour marked colchicine pathway. This detour results in either 
polyploidy or multinucleated cells depending on the degree of effect. 
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The actidione action is represented by two “valves’’. Closing the 
first one represents the inhibitory action, while closing the second, 
represents the production of the actidione configuration and the detour 
marked prophase poison represents inhibition of the movement cycle 
with morphological transformation taking place in situ. 

Little more need be said concerning the colchicine reaction. By and 
large the results are in full agreement with those previously reported 
from this laboratory as well as with those of most other workers. So 
far as comparison is possible the dose-time relationship agrees with 
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Fig. 10. Diagram representing interference with mitotic movement cycle in Pisum 








Levan (1954). One fact that should be stressed is that both scatter 
and clump configurations represent different degrees of the same kind 
of action. 

Why partial effect should result in scatters is not completely clear. 
One possible explanation is derived from the following consideration. 
If the spindle develops from a small spherical precursor by a process 
of swelling and dipolar organization then scatters couid arise from 
partial or even complete swelling of the precursors before the chromo- 
somes had reached the prometaphase position and thus they would be 
physically prevented from clumping. The degree of scatter would depend 
on the degree of inhibition and the higher the dose the less wide the 
scattering which in general agrees with observations. 

The results obtained from the actidione studies also do not differ 
significantly from those previously reported. As noted by BowEN and 
WItson (1954) it is clear that the prophase poison action differs markedly 
from a c-mitotic action with an entirely different mechanism being 
affected. Also the reaction is obviously just as specific and the two 
most conspicuous effects, namely mitotic inhibition and the actidione 
prophase figure reflect the same action. What the system or structure 
affected may be is a matter on which we can only speculate at the 
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moment. There is, however, some reason to suspect involvement of the 
nuclear membrane or wall or both. In the first place an increase in 
nuclear volume by a factor of about 1.5 is associated with the inception 
of prophase in pea roots (WILSON and Hyppio, 1955; M. E. HAawTHoRNE, 
unpub.) and the typical actidione prophase is characterized by apparent 
retention of a limiting wall through to the next interphase (BOWEN and 
Witson, 1954). Since expected changes do not occur in the nuclear 
boundary in treated tissue, specific alteration of its normal properties 
seems rather probable. Indeed, with regard to the changes at late 
prophase they may be considered to be irreversible since we have never 
seen any indication that resulting restitution nuclei ever divide again. 

Studies of low doses of both colchicine and actidione indicate that 
partial effect may be obtained and maintained in a state of equilibrium 
for some considerable time. This is at least of theoretical interest with 
regard to action of anti-neoplastic agents. 

The primary purpose of this study was to set up specific criteria for 
the two reactions against which the effects of other compounds might 
be compared. These may be outlined as follows: 


Colchicine (c-mitotic agent) 
1. No inhibition of the onset of mitosis. 
2. Production of the following deviant configurations in order: 
a) scatters (c-metaphase) associated with partial effect; b) clumps (stalled 
prometaphase) associated with full reaction. 

3. For a given dose under standard conditions there should be a 
steady increase in the degree of effect with time until either full effect 
or an equilibrium is reached. 

4. If the times at which several dose curves cross arbitrarily chosen 
effect levels are plotted on a log dose/log time scale a series of straight 
and parallel] lines should be obtained. 

5. Polyploid or multinucleate cells or both should be recoverable. 


Actidione (prophase poison) 

1. The onset of mitosis should be inhibited. 

2. A specific deviant figure with the spatial characteristics of late 
prophase should be produced (Fig. 1g, h, i). 

3. Measurements based on either inhibition or the deviant figure 
should indicate a steady increase in effect with time for any given 
effective dose. 

4. If the times at which various dose curves pass through arbitrarily 
chosen effect intercepts are plotted on a log dose/log time scale a group 
of parallel straight lines should be produced. 

5. Following recovery divisions figures are expected to be normal 
in chromosome number and constitution. 
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Summary 


1. The Pisum test was used in an endeavor to set up cytological 
criteria for c-mitotic and prophase poison actions on a qualitative and 
quantitative basis. Colchicine was chosen as the standard type c- 
mitotic agent, and actidione as the standard type prophase poison. 

2. The effects of colchicine and actidione as reported by previous 
investigators were confirmed. By assigning weights to the configurations 
obtained with colchicine, and by measuring the change in the ratio of 
configurations and the configurations themselves plus a combination 
of the two.in the case of the actidione, a linear relationship between 
time and dose is obtained. 

3. A series of cytological characteristics are suggested which a drug 
or chemical should satisfy to fall within the classification of a c-mitotic 
agent or a prophase poison. 

4. The possible involvement of the nuclear membrane and/or wall 
in prophase poison action is suggested. 

' §. The fact that c-mitotic reactions and prophase poison actions are 
clearly and distinctly separable reactions is re-emphasized. 


References cited 


Bowen, C. C., and G. B. Witson: A comparison of the effects of several anti- 
mitotic agents. J. Hered. 45, 2—9 (1954). — p’Amato, F.: Ricerche sull’attivita 
citologica di alcuni compositi organici con particolare riguardo alla colchicino- 
mitosi e agli effeti tossici. Caryologia (Pisa) 1, 49—78 (1948). — Goron, T.: 
Effects of temperature on the action of colchicine. Jap. J. Gen. 82, 37—47 (1957). 
HAWTHORNE, M. E.: Personal communication. 1957. — HawtnHorne, M. E., and 
G. B. Witson: The cytological effects of the antibiotic Actidione. Cytologia 
_ (Tokyo) 17, 71—85 (1952). — Hyprio, P. A., T.M.Tsov and G. B. Witson: 
Some notes on the ‘‘C-Mitotic” action of colchicine and technical lindane. Cyto- 
logia (Tokyo) 20, 166—176 (1955). — Lrvan, A.: The effect of colchicine on the 
root mitoses in Aliiwm. Hereditas (Lund) 24, 471—486 (1938). — Colchicine 
induced c-mitosis in two mouse ascites tumors. Hereditas (Lund) 40, 1—64 (1954). 
Wison, G. B., and P. A. Hyprro: Some factors concerned in the mechanism 
of mitosis. Cytologia (Tokyo) 20, 177—184 (1955). 


Prof. Joun C. HappDER, Dept. of Biology, Muhlenberg College, 
Allentown, Pa., USA 
Prof. G. B. Wixson, Dept. of Botany and Plant Pathology, 
Michigan State University, East Lansing, Michigan, USA 





| 
é 
) 
| 
/ 





Chromosoma, Bd. 9, S. 105—118 (1958) 


From the Department of Anatomy, McGill University, Montreal, Canada 


POLYPLOIDY AND DIFFERENTIATION 
IN THE TRANSITIONAL EPITHELIUM OF 
MOUSE URINARY BLADDER 
By 
Bruce E. WALKER 
With 9 Figures in the Text 
(Hingegangen am 25. November 1957) 


Introduction 


Transitional epithelium of urinary bladder in rodents is characterized 
by asurface layer of very large cells which, during division, display unusu- 
ally large mitotic figures (FLEROFF 1936 ; VULPE 1954). LEUCHTENBERGER, 
LEUCHTENBERGER and Daviss (1954) found multiple quantities of DNA 
(deoxyribonucleic acid) in nuclei of human urinary bladder; and WALKER 
(1955) described polyploid divisions in mice in a preliminary report of 
chromosome counts from squash preparations of transitional epithelium. 
The first objective of this report is to discover which cell types in tran- 
sitional epithelium are polyploid. 

The question of whether genic material differentiates during ontogeny 
has not been settled. The possibility that polyploidy (as a form of 
nuclear differentiation) influences cytoplasmic differentiation has been 
discussed by Huskins (1947, 1952) and others (WHITE 1945, Swirr 
1950) and reviewed in detail by Scuuxrz (1952). Investigation of the 
relationship, if any, between polyploidy and differentiation in transitional 
epithelium is the second objective of this project. The third objective 
is to study the role of growth hormone in the polyploidy of transitional 
epithelium, since Hrtwrca-Larsen (1952) and LErUCHTENBERGER, 
Hetwee-Larsen and Murmanis (1954) have demonstrated that lack 
of growth hormone can prevent the formation of large (polyploid) nuclei. 


Materials and methods 


A stock of hybrid albino mice was used for most of the experiments. Hetero- 
zygous mice! carrying the Sd (Danforth’s short tail) or dw (pituitary dwarf) muta- 
tions were used for the remaining experiments. The age of embryos was estimated 
from vaginal plug timing and from the morphological criteria of GRUNEBERG (1943). 
Urinary bladders were fixed in Bouin’s or Carnoy’s fluid, sectioned at 6u, and 


a Courtesy of Dr. M. N. Runner and Dr. G. D. SnEtt of the Roscoe B. Jack- 
son Memorial Laboratory. 
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stained with hematoxylin and eosin. Nuclear and cell diameters were measured 
with an ocular micrometer and the results expressed as an average of the major 
and minor axes at right angles to each other. Each average in Table 1 is based on 
200 nuclei and in Table 2 on 100 nuclei and 100 cells. The relative distance of a 
nucleus from the lamina propria (Table 1) was calculated by dividing the thickness 
of the epithelium at that point into the distance of the centre of a nucleus from the 
lamina propria. 


Table 1. Characteristics of nuclei in transitional epithelium of mouse bladder 





Age of mouse 





Nuclear characteristics 


newborn | 3 weeks | adult 











Distribution of nuclear diameters (u) 2 7.31 | 7.24 7.79 
o 1.85 2.01 2.04 
Sx| 1.06 | 1.05 0.88 
Correlation of nuclear diameter with 
distance from lamina propria r] 0.345 0.676 0.511 
p 001 001 001 





To prepare slides for chromosome counting, bladders were excised, pretreated 
one minute with water (Hsu and Pomerat 1953), and fixed 5 minutes in alcohol- 
acetic (3:1). The inner surface of each bladder was scraped onto a slide, covered with 
a drop of aceto-carmine, lightly flattened with a cover glass, flooded with Wilsons’ 
Venetian Turpentine, then heavily flattened (WALKER and BooTHRoyD 1954). 
Counts were made through the phase contrast microscope with and without pre- 
liminary sketching of the chromosome groups. 

Bladders used for microspectrophotometry were fixed in alcohol-acetic (3:1), 
sectioned at 124 to 25m, and stained by the Feulgen reaction or with periodic acid- 
acriflavine-Feulgen (Himes and Moriper 1956). In the latter procedure, tissue 
sections were hydrolyzed 12 minutes ,stained with the Feulgen reagent, treated 
with periodic acid 5 minutes, stained with acriflavine 5 minutes, bleached four 
minutes, and mounted in oil with a refractive index of 1.56. Microspectrophoto- 
metric measurements were made in Dr. A. W. PoLtisTER’s laboratory, with the 
help of Dr. Marton Himes, using apparatus of the type described by POLLISTER 
(1952 — Fig. 2, p. 108). The relative amount of DNA per nucleus was estimated 
by measuring transmittance through a central core in each nucleus and calculating 
the total amount of dye by treating the nucleus as a sphere, as described by Swirr 
and Rascu (1956). 


Results 
Nuclear size 

Nuclei in the transitional epithelium of mouse urinary bladder 
display a wide range of sizes (Figs. 2,3). When average nuclear diameters 
(z, Table 1) are plotted they form a continuous distribution with only a 
single pronounced peak. However, the distribution is strongly skewed 
to the right (Sk, Table 1). These characteristics of nuclear diameters 
are established in the newborn and do not change significantly with 
increased age (Table 1). Nuclei appear to be smallest near the lamina 
propria and largest at the epithelial surface (Figs. 2. 3). Analysis of the 




















Polyploidy and differentiation in mouse urinary bladder 107 





association between nuclear diameters and the relative distance of each 
nucleus from the lamina propria gave significant correlations (Table 1). 
Nuclear diameters increase as the relative distance of nuclei from the 
lamina propria increases. 


DNA content of nuclei 


DNA measurements of nuclei in transitional epithelium fall into two 
main classes and a smaller third class, averaging approximately 2, 4, 
and 8 arbitrary units, respectively (Fig. la). The DNA content of a 
nucleus was found to be closely correlated with its diameter (r = 0.94). 


90, 
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Number of nucler 
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Fig. la—c. DNA content of nuclei from transitional epithelium of mouse urinary bladder 


In this series of measurements, the Feulgen stain alone was used, and 
surface cell nuclei could not be differentiated from deep cell nuclei. 

When periodic acid-acriflavine is used to stain cytoplasm, it is 
possible to distinguish surface cells from deep cells (VULPE 1954, MENDE 
and CHAMBERS 1957), and this technique was used to measure DNA in 
20 nuclei of each cell type. Three main classes can be recognized (Fig. 1c), 
but the average values of these classes — approximately 1.4, 3, 5.6 — 
are lower than when the Feulgen stain alone is used. The nuclei of 
deep cells gave values that fell into the first two classes, whereas the 
nuclei of surface cells all had values higher than those of the lowest 
class (Fig. 1c). 


Chromosoma. Bd. 9 
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DNA was also studied in the transitional epithelium of a pituitary 
dwarf mouse, with the large nuclei being selected for measurement. 


These large nuclei contained a high amount of DNA (Fig. 1b). 


Histogenesis 


In 14!/, day old embryos, the epithelium lining the bladder lumen is’ 


multilayered, with all the cells and their nuclei being about the’ same 
size (Fig. 4). The epithelium looks much the same on the following day 
except for the presence of a few binucleate cells in the surface layer. 
Chromosome counts from squash preparations of the epithelium gave 
only diploid values (Table 2). 


Table 2. Histogenesis of transitional epithelium in mouse bladder 























Approximate age of embryo 
(days after conception) 
Cell characteristics “2 Smet ae SCs OT oe 
157, | 16%, | 17% | 184, | Rew. 
Chromosome counts 
SENET aS SS ae Te Sor 45 31 10 10 68 
2 OT a amie Ne 0 10 6 0 63 
octoploid ........] 0 1 1 = eae: 
Surface cell mitoses 
unpaired prophases. . . ./18 | 45 7 19 2 
paired prophases. ... . 0 100 12 2 6 
metaphases, anaphases . . | 14 59 | BIR fe 2 12 
Deep cell mitoses 
unpaired prophases. . . . | 66 188 40 87 46 
paired prophases. . .. . Os | ek 8 10 5 
metaphases, anaphases . . [52 | :184__/| 20 53 | 44 
Average diameters () } 
surface cells. . . . % 112.7 17.9 {17.3 | 17.1 | 24.0 
S.E.,} 0.17 0.44 | 0.36! 0.34! 0.44 
surface nuclei . . . xz] 7.0 So, | Ba. | Sa. foes 
S.E.,| 0.07| 0.13] 0.15! 0.11: 0.14 


The transitional epithelium of 16/; day old embryos displays funda- 
mental advances over the preceding day. Polyploid mitotic figures are 
plentiful in squash preparations, and the average diameter of nuclei 
and cells shows a pronounced increase (Table 2, Fig. 6). Binucleate 
surface cells occur with a high frequency over a considerable proportion 
of the epithelium (Fig. 5), and more than two-thirds of the prophases 
in surface cells are in pairs (Table 2). Less than 10% of the prophases 
in deep cells occur in pairs. In the deep cell layer, it is not clear whether 
each pair of prophases is always in a single cell, because the cells are 
crowded and poorly defined compared to the surface cells. The later 
stages of mitosis (metaphases, anaphases — Table 2) were not paired, 
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but appeared as if they were derived from the division of a mononucleate 
cell. The characteristics originating in the 16?/, day old embryos 






: Sea | 
Fig. 2. Transitional epithelium of mouse urinary bladder. The surface cells are very large 
and form a layer one cell thick. 540 x 


; * Oe 


TN oe &: a 
Fig. 3. Transitional epithelium stained with periodic acid-Schiff-hematoxylin. The surface 
cell cytoplasm stains with the Schiff reagent, it forms a continuous lining. 380 x 
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continue without significant change throughout the remainder of 
fetal development (Table 2). 





Fig. 4. Bladder epithelium from a 141/, day old mouse embryo. The cells and nuclei are 
uniformly small. 860 x 





Fig. 5. pithelaws lining | the bladder lamen of: a 16*/; day old embryo. Note the high frequency 
of binucleate cells in the surface layer, and the pair of prophases in centre field. 860 x 
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After birth, a second increase in the average diameter of nuclei and 
cells takes place, and this brings the surface cell to its final stage of. 


ae 
or 





Fig. 6. Transitional epithelium of a 16*/, day old embryo from an area showing large surface 
cells and nuclei. In centre field is a typical large, single metaphase. 860 x ; 


differentiation regarding nuclear and cell size (Fig. 7). The most exten- 
sive survey of chromosome numbers was performed on newborn mice 
(12 to 36 hours post partum), and it was found that about half of the 
mitotic figures were tetraploid or octoploid (Table 2 and Figs. 8, 9). 
This may represent some selection in favor of large groups, since they 
are more readily located on the slide. Squash preparations include all 
of the epithelium so the chromosome counts represent both surface and 
deep cells. 

Although the chromosome counts are reported as exactly diploid, 
there were small deviations which can be attributed to errors in counting 
(WALKER and BootHroyp 1954). There is evidence for (THERMAN and 
TIMONEN 1951, Hsu and Pemerat 1953, TonomurRA and YERGANIAN 
1957) and against (WALKER and BootHroyp 1954, Ts1o and Levan 
1956) the existence of aneuploidy, but if aneuploid chromosome groups 
exist in transitional epithelium, they do not differ from euploidy suf- 
ficiently to be distinguishable from counting error. 

Lack of growth hormone apparently has no effect on polyploidy in 
transitional epithelium after the polyploidy has become established. 
Comparison of nuclei in transitional epithelium from a pituitary dwarf 
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mouse and one of its littermates showed no significant difference in the 
average nuclear diameters (¢ = 0.329, d. f. = 398, p > 0.7). Also, DNA 





Fig. 7. Transitional epithelium from a newborn mouse, stained with periodic acid-Schiff- 
hematoxylin. A pair of prophases can be seen ina giant surface cell. Each prophase is 
probably polyploid, judging from its size. 860 x 
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Fig. 8. A group of chromosomes from a squash preparation of transitional epithelium. There 
are about 80 chromosomes present. approx. 3000 x 
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values in the transitional epithelium of a pituitary dwarf mouse ran as 
high as in normal mice, as described above (Fig. 1b). 





Fig. 9. Two chromosome groups from a squash preparation of newborn mouse transitional 
epithelium. The group in the lower left is tetraploid and tlie other larger group is octeploid. 
approx. 1200 x 


The possible involvement of the metanophros in initiation of poly- 
ploidy in the bladder was investigated by mating mice with the Sd 
(Danforth’s short tail) mutation and studying the late fetus and newborn. 
A small percentage have no metanephroi (GLUECKSOHN-SCHOENHEIMER 
1943), and the transitional epithelium of several such mice was examined. 
No differences from the normal in nuclear diameter or chromosome 
number have been detected so far. 


Discussion 
Location of polyploid nuclei 

The most direct evidence concerning the distribution of polyploid nuclei 
comes from DNA measurements. All the surface cell nuclei measured 
had quantities of DNA that were multiples of the minimum amount 
found in deep cells (Fig. 1c) and were, therefore, polyploid. The amount 
of DNA in deep cells fell into two classes (Fig. 1c), so some deep cell 
nuclei must be polyploid also. Evidence as to the distribution of these 
polyploid deep cells can be obtained from consideration of nuclear 
diameters, since the latter were found to be well correlated with DNA 
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content. Nuclear diameters increased with increased relative distance 
of the nuclei away from the lamina propria (Table 1), so the tetraploid 
deep celis are probably mainly or entirely in the outermost layer of deep 
cells. (Also, the decreased overlapping of nuclei in the outer layers com- 
pared to the layer adjacent to the lamina propria results in a tendency 
to select nuclei from the former for microspectrophotometric measure- 
ments.) A population of polyploid deep cells directly under the surface 
cells might be a source of replacement for surface cells lost into the 


bladder lumen. 


Influence of growth hormone 


HeEtWEG-LARSEN (1952) showed reduction of nuclear volume in 
certain tissues of pituitary dwarf mice, as compared to normal litter- 
mates, and LEUCHTENBERGER, HELWEG-LARSEN and Murmanis (1954) 
reported an ‘‘absence of multiple DNA classes” in these mice. However, 
in the transitional epithelium of bladders from pituitary dwarf mice, 
there is no significant change in nuclear diameters, and DNA values are 
as high as in normal mice (Fig. 1 b).- Polyploidy in transitional epithelium 
differs from that of other somatic tissues known to have polyploid nuclei 
in that the polyploidy is well established before signs of growth hormone 
_ deficiency. appear in pituitary dwarf mice. Growth hormone is not 

necessary for maintenance of polyploidy, but it may be involved in the 
initiation of polyploidy during the histogenesis of transitional epithelium, 
since there is evidence of pituitary gland activity in the embryo 
(Francis 1944, Jost 1957, SmirH and DortzBack 1929). 


Origin of polyploidy 

Polyploidy arises in the transitional epithelium of the embryo at 
approximately 16?/, days after conception (Table 2). It is correlated 
with the appearance of a large number of binucleate cells and by the 
occurrence of pairs of prophases in surface cells (Fig. 5). Since meta- 
phases (Fig. 6) and anaphases are single, it is concluded that the pro- 
- phase pairs fuse at late prophase and form a single metaphase plate. 
A normal anaphase would then lead to the formation of two tetraploid 
nuclei. If the nuclei in a binucleate cell were both tetraploid (Fig. 7), 
the division product of fusion during prophase would be two octoploid 
cells. The phenomenon of nuclei in a binucleate cell entering division 
synchronously is seen from day 16?/, to birth. The figures for division 
frequency in newborns (Table 2) give the impression that divisions had 
become infrequent in surface cells as compared to deep cells; but this 
is due, at least in part, to the very large size of the surface cells at birth, 
and the consequent high ratio of deep cells to surface cells in a given 


area. 
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Since polyploid surface cells of embryonic transitional epithelium are 
smaller than the same cells in postnatal epithelium, and since polyploid 
nuclei occur in some of the deep cells — which are considerably smaller 
than surface cells, therefore the large size of postnatal surface cells is 
probably not due to polyploidy alone. Yet it is equally probable that 
the surface cells could not reach their exceptionally large size and 
function efficiently (BERRILL 1955) unless their nuclei were polypolid. 
Thus, the conversion to polyploidy in the embryo would anticipate the 
need at birth for extra chromosomes that would enable the cells to 
respond to a factor promoting excessive cell size (i.e., a case of pro- 
phthasis — REYNOLDs 1954). In summary, polyploidy can be considered 
as one of the essential factors, though not the only one, in the differentia- 
tion to large size of the surface cells. 


Genetic differentiation of somatic nuclei 

Within the nucleus reside the factors that guide the growth and 
differentiation of an organism in a manner specific to its heritage. In 
considering how this is brought about, one of the most basic questions 
is: Do somatic nuclei remain undifferentiated ? or do they set the final 
characteristics of somatic cells by becoming differentiated themselves ? 

Concerning differentiation in a general sense (WEISS 1953) there is 
abundant evidence of nuclear differentiation on the basis of enzyme 
content (ALLFREY, Mirsky and Stern 1955) and nuclear morphology 
(e.g. polymorphonuclear leucocytes). However, to implicate a ‘“‘genetic”’ 
differentiation comparable to that which operates at the whole organism 
level, there should be evidence of relatively stable changes involving the 
genic material specifically. 

One possible criterion of such a nuclear change concerns the ability 
of a nucleus to guide the development of an egg to maturity. SPEMANN 
(1938) found that blastula nuclei could effectively replace the egg 
nucleus, and more recently, Kine and Briees (1954) showed, with 
nuclear transplants, that most nuclei up to the late gastrula stage are 
totipotent. However, the latter authors now have evidence (Briacs 
and Kine 1957) of relatively permanent differentiation in nuclei of 
post-neurula endoderm. 

Another criterion of genetic differentiation is morphological change 
of the chromosomes. BEERMANN (1956) has offered, as evidence of 
nuclear differentiation, the puffs and rings of Balbiani on giant Diptera 
chromosomes. Another morphologically identifiable change of somatic 
chromosomes is polyploidy. Its genetic effects are of sufficient magnitude 
to produce readily observable differences in phenotype (e.g. autotetra- 
ploid plants — Srnnorrt et al. 1950, p. 368; polyploid salamanders — 
FANKHAUSER 1945), and of sufficient stability to become distributed 
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through all the cells of the organism if the polyploid condition arises in 
the egg (FANKHAUSER 1945). Somatic polyploidy has long been known 
and its possible relation to cytoplasmic differentiation frequently 
discussed (Huskins 1947, 1952; Wuitre 1945; LEUCHTENBERGER, HEL- 
WEG-LARSEN and Murmanis 1954). However, one of the difficulties in 
correlating polyploidy with cytoplasmic differentiation has been that 
the polyploidy arose at the same time as cytoplasmic differentiation 
(ScHuLtTz 1952) or even later (Swirt 1950) and therefore may have been 
the result, rather than the cause, of the cytoplasmic differentiation. Yet, 
if polyploidy cannot be established as a case of nuclear differentiation 
influencing cytoplasmic differentiation, then the possibility of identi- 
fying morphologically a genetic differentiation of the somatic nucleus 
becomes rather remote. There are three reasons for this conclusion. 
Firstly, of the conceivable forms of genetic differentiation in the nucleus, 
polyploidy is the easiest to identify (at metaphase) and follow (as DNA). 
Secondly, its genetic effects are not radical and so it should be compatible 
with the overall genetic integrity of the animal. Thirdly, polyploidy is 
so readily caused by a variety of agents and circumstances, that it 
_ should have occurred frequently in somatic tissues during evolution and 
thus provided ample opportunity for its causative agents to have been 
established in the genotype by natural selection. 


There are several reasons for believing that the polyploidy in tran- 
sitional epithelium of the mouse is a case of nuclear differentiation 
influencing cytoplasmic differentiation : 

1. It arises early in ontogeny, at a time when natural selection would 
be expected to have a pronounced effect; therefore, this case of poly- 
ploidy is not likely to be a degenerative or indifferent phenomenon. 

2. Its consistent localization and timing (i.e. — surface cells of 
16?/, day old embryos — Table 2) indicates that this is a well controlled 
mechanism of embryoiogical development. 


3. In contrast to previously known cases of somatic polyploidy, it clear- 
ly precedes the characteristic differentiation of the cells, since the unusually 
large size of the surface cells and nuclei is not attained until after birth. 


4. There is good reason to correlate the nature of the nuclear change 
with the nature of the cytoplasmic change. The most consistent effect 
of polyploidy is to produce large cells (FANKHAUSER 1954). It is not 
known why the surface cells in transitional epithelium of the mouse 
bladder are so large, although the theory that such a cell can stretch 
more efficiently than a small cell seems plausible. However, whatever 
its purpose may be, the large size of the surface cell is its outstanding 
characteristic, andthe evidence presented here supports the hypothesis that 
polyploidy is an essential factor in the production of this characteristic. 
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Summary 


1. There is a wide range in the size of nuclei from transitional epi- 
thelium of mouse urinary bladder, with the largest nuclei being nearest 
the lumen. These characteristics are present at birth and do not change 
significantly thereafter. 

2. Microspectrophotometric measurements of nuclear DNA fall into 
several classes, indicating the presence of polyploidy. All surface cells 
and some deep cells are polyploid. 

3. Neither the amount of DNA per nucleus nor the distribution of 
nuclear diameters is significantly altered in pituitary dwarf mice. 

4. The counting of chromosomes in squash preparations of transi- 
tional epithelium showed the presence of polyploid chromosome groups 
in the mouse embryo from day 16?/, to birth. 

5. The appearance of polyploidy in embryonic transitional epithelium 
was paralleled by the appearance of many binucleate cells, the nuclei 
of which were seen to enter division synchronously. The widespread 
presence of two prophases in a single cell and the lack of such duality 
in the later stages of division was taken as evidence of polyploid for- 
mation through fusion at late prophase and subsequent normal division 
into two polyploid nuclei. 

6. The manner in which polyploidy was involved in the histogenesis 
of transitional epithelium led to the hypothesis that one characteristic 
of cytoplasmic differentiation in surface cells was brought about, at 
least in part, by nuclear differentiation. 
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THE PATTERN OF PROTEIN SULPHUR 
AFTER FEULGEN HYDROLYSIS 
IN THE SALIVARY GLAND CHROMOSOMES OF 
DROSOPHILA MELANOGASTER 
By 
J. L. Struin* and G. R. Knicur** 
With 19 Figures in the Text 
(Eingegangen am 25. November 1957) 


The salivary gland chromosomes of Diptera stand in a category by 
themselves in respect of the conclusiveness of the cytogenetical work 
conducted on them, and the cytochemical information about them is 
increasing parallel to the refinement of techniques. The interest of the 
cytogeneticist arose from the easily observable and stable pattern of 
DNA, shown as bands in the classical maps of the Bripaxs, which was 
taken to represent the genetical organisation of the polytenic chromo- 
somes. Staining for compounds other than DNA results in a banding 
pattern different from that due to stains for DNA (AtFrErt 1954; 
Pavan and BREUER 1955). By tracer technique it was found that 
most, but not all; DNA bands are the site of an active RNA metabolism 
(PELc and Howarp 1956), a fact that was predictable from the staining 
of the chromosomes for both nucleic acids, which shows superposition 
of both nucleic acids, and from the known active metabolism of nuclear 
RNA. The distribution in eu- and heterochromatin, and bands and 
interbands of nucleic acids, proteins and their components, as well as 
minerals, and the structural organisation of the chromosomes, have 
been reviewed by ALFERT (1954) and Ris (1957). 

The present investigation deals with the pattern of protein sulphur 
in the polytenic chromosome, as revealed by incorporated isotope. It 
was hoped that this approach would permit the quantitation of amounts 
of sulphur beyond the sensitivity of staining procedures, and their 
relation to the microscopical topography of the chromosome. A recent 
cytophotometric procedure determines the ratio of SH to SS-groups 
(TEIGER, Farau and DiI STEFANO 1957). In Drosophila, a joint pattern 
of NH, and SH groups has been shown using coupled stains (DANIELLI 
1949), but, owing to the abundance of the former, it was impossible 
to decide the pattern of SH. It has, however, been shown that the 
labelling with radiomethionine is of uneven intensity along the chromo- 
somes (PELC and Howarp 1956). 


* Research worker of the British Empire Cancer Campaign. 
** Member of the Agricultural Research Council Staff. 
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Material and techniques 

One milligram of DL-methionine-“S (132 wc) was dissolved in 2 cc distilled 
water and mixed into 50 cc Drosophila food (corn meal-treacle-yeast) under semi- 
sterile precautions. Ten pairs of adult flies (Ore-R strain) were seeded for 4 days 
on the food at 25°C. From day 6 the culture was kept at 12°C and from day 12 
at 18°C, to avoid overcrowding and to obtain larvae of large size. The larvae 
approaching pupation, used for study, were collected at day 14, after they had 
been feeding on the radioactive food for 3—13 days; previous collections were 
used for procedural tests. Only one generation of larvae were grown on radio- 
active food and the resulting flies were mass-subcultured in normal food for several 
generations. 

Female larvae were rinsed free from food and the salivary glands were dissected and 
squashed under cellophane in carmine-45% acetic acid, rinsed (SLIZYNSKI 1952); 
hydrolysed in N HCl at 60° C for 5 minutes, and stored overnight either before 
or after hydrolysis in 50% alcohol. The squashes were prepared on albuminized 
slides previously rimmed and backed with gelatin-alum, to ensure adhesion of the 
autoradiographic emulsion; it was found that squashes did not adhere well to 
gelatinized slides usually used for autoradiography, and that their cytological 
appearance was probably not quite as good as when prepared on albuminized 
slides. The presence of carmine was preferred to secure proper squashing. This 
stain at acid pH’s behaves like a basic dye (BAKER 1945); it will be expected to 
combine sooner with nucleic acids than with proteins, and therefore not to inter- 
fere much with tracer in the proteins, i.e. by displacement. To minimize any such 
latter action of the stain a concentration was used which is half that used in routine 
cytological work, the stain was not an iron, lake and the stay in aceto-carmine did 
not exceed fifteen minutes. Squashes for the scoring of chromosomal mutations 
(see below) were prepared by routine methods (Stizynski 1949, 1952). Chromo- 
somes of radioactive larvae sampled at day 21 appeared normal in routine squashes, 
as did the chromosomes sampled at day 14 for autoradiography. 

The slides were rinsed in distilled water for more than one hour, and coated 
in a single run with Kodak stripping film stretched at a maximum. All films were 
simultaneously exposed in light-tight piastic boxes for three days at 5°C, deve- 
loped for three minutes in Kodak D 19b, and fixed for 10 minutes in 1/10 Fix-Sol 
(all processing carried out at 17.5° C). Low grain size (0.3 4) and density were essen- 
tial. After several hours of rinsing the preparations were stained with basic fuchsin 
for 45 minutes, bleached for two minutes in SO, water, quickly dehydrated, and 
mounted with Euparal (Stizynskr 1949). This schedule proved the nearest to a 
satisfactory staining of the chromosomes with a minimum staining of the emulsion. 
Dry-mounting resulted in lesser clarity of the chromosomes. Fully mature chromo- 
somes were studied from a final batch of twenty-three squashes. 

Autoradiographs (ARGs) were examined at x 1280 under Zeiss phase contrast 
and Kéhler illumination; this sharpens the contrast of the chromosomes and the 
grains in the emulsion, and facilitates the detection of unstained cytoplasm as 
well as of irregularities in the albumin. Under phase contrast the stained bands 
shift colour towards the violet-blue, without alteration of the banding pattern. 
By means of an ocular scale free of parallax error the grains in the emulsion within 
0.5 uw of the edge of the chromosomes were scored; under the resolution conditions 
for *S in squashes (1—1.5 2) this ensures a recovery of most of the grains associated 
with the chromosomes}, and minimizes the contribution from cytoplasm. <A per- 








1 As measured in two chromosomes with no cytoplasm. nearby (2 R and 3 R in 
cell 57.1, see later), where practically all the associated grains were recovered, 
the recovery with our procedure is 73 and 71%, respectively. 
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manent record of the cytology of each chromosome, of the nearby cytoplasm, and 
their associated grains, often recognizable as ARGs of bands or interbands, was 
plotted on scaled paper; thus in the records the overall activity of the chromosome 
could be read separately from or jointly with the ARGs of bands. Other cell 
components were studied under the same conditions, their grains counted within 
0.5 yz outside their boundaries, and their surfaces measured with an ocular graticule. 

The main source of error may ‘have been the activity of the cytoplasm, not 
infrequently greater than that of the chromosomes: it is quite impossible to visualize 
smali patches of cytoplasm above chromosomes. [“‘Cytoplasm” also includes 
nuclear sap, nuclear filaments (EMMENs 1937) and luminar contents, between which 
it is impractical to differentiate in squash preparations.] An occasional separation 
between chromosomes and contacting cytoplasm observable in routine squashes 
(due to contraction during fixation, etc.) appears perhaps more frequently in the 
squashes treated as here; measurements of the width of chromosomes indicate that 
this is due to drying just before exposure. It should favour the underestimation 
of the error due to patches of cytoplasm above chromosomes and, conversely, 
diminish the contribution from nearby cytoplasm. The intrinsic background of the 
emulsion was less than one grain per 100 yu? and was neglected. 

For the evaluation of results certain considerations were necessary. In squashes 
treated as here the fine detail of chromosomes can never be as good as in routine 
ones: apart from the procedure itself, the chromosomes have to be observed under 
a stained and grain-loaded emulsion. As well as cytological clarity, criteria such 
as straightness for plotting, and absence of overlaps and nearby cytoplasm decided 
the choice of chromosomes, and made impossible the scoring of complete cells. 
Few chromosomes meet these criteria in all their parts. It is admitted that some 
degree of selection was exercised as to activity of the chromosomes, in the sense 
that, other conditions being equal, the most active chromosome was studied. 

ARGs of bands and interbands, though frequently well resolved, were with 
few exceptions scored only as the full subdivision in which they are contained 
in Bripggs’ chart (1935). Scores of bands-interbands per se would be unreliable 
unless one is prepared to sacrifice the scoring of full chromosomes to the scoring 
of only well stretched divisions. The chromocentral (heterochromatic) regions of 
chromosome 2, as given in the revised chart (BripGEs 1939, 1942), were not scored; 
the corresponding regions in the other chromosomes, except the first part of divi- 
sion 20 in chromosome X, were not included in the original chart. This first part 
of division 20 was included in the plots but was ineffectually scored because of 
its frequent fusion with the chromocenter. For total activity the less prominent 
sections of chromosomes were scored by divisions or groups of them. In compari- 
sons between activity and length of chromosomes the well determined lax length 
(BripcEs 1942) was taken as the normal parameter: this eliminates having to 
deal with length dependent on the degree of squashing. 

The strain used is an inbred strain of wild type phenotype, except for white 
eyes and a slight branching of the posterior crossvein. It is free from chromo- 
somal inversions. No chromosomal mutations were present in larvae from the 
radioactive culture sampled on day 21, or from the 13th generation subcultured in 
normal food. Of 158 flies hatched from the radioactive culture and of 11,586 | 

flies from twenty-two subsequent generations on normal food, none presented any 
gross mutant character. The dose in reps per day received by the larvae in the 
radioactive food was: 8.6 at zero day, 7.5 at day 17 (birth of subcultured flies), 
and 6.7 at day 32 (birth of last scored flies). These low dosages are not expected 
to induce mutations in any large scale. As corroborated by the normal aspect of 
the chromosomes previously mentioned, and the normal development of the larvae, 
the dosage was harmless. 
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Results . 
Activity of the chromosomes 

The activity of divisions, or groups of them, has been plotted in 
Figs. 8—13 for six representatives of each chromosome, and for seven 
in the case of 4R. No effort was made to study 4L since, due to its 
small size, it can hardly be detected (Stizynski 1944). The basal 
portion of chromosome 2L was, in all the samples selected, of unsuitable 
cytology due to fusions of the chromosome with itself or with the 
chromocenter. 

The activity has been additively plotted so as to analyse the trend 
of activity per division, or group of them, and the overall activity of 
each chromosome. Some regions were not scored owing to possible 
cytoplasmic contamination or to cytological difficulties: the trend 





Fig. 1. Chromosomes of cell 57.1 and autoradiograph. Cytoplasm (C) is present 


cannot be read in divisions comprising such regions, but their missing 
contribution to the overall activity can be approximately assessed from 
the scores of the same division in other chromosomes. Regions where 
scores were suspected of cytoplasmic contamination have been marked. 
With these reserves in mind, an average maximum activity was sub- 
jectively fitted to each chromosome. The length and band density 
of the chromosomes was unknown at the time this was done. 
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It can be seen that the trend of all chromosgmes in Figs. 8—13 is 
remarkably constant along their entire length. Neither the proximal 
nor the distal ends show any differential-pattern. Also the curves are 
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Figs. 2—6. Phase contrast and autoradiographs. Not all photographic grains can be 
focussed simultaneously with the chromosomes. Cytoplasm: C. Figs. 2, 3, 4 and 6: parts 
of chromosome 2 R. Fig. 5: distal end of chromosome 3 R 










independent on the whole of certain cytological characters to be men- 
tioned in a later section. Being uniform, the curves do not correspond 
with the distribution of heterochromatin depicted by Hanna (1951), 
though the scale of plotting is not too appropriate for the comparison. 

For a charaeter of this kind, the samples of the second chromosome 
(Figs. 9 and 10) form a homogeneous group. The same is true of the 

Chromosoma. Bd. 9 9 
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Fig. 7. Unruptured salivary 
gland cell and autoradiograph 
showing less activity in the 
nuclear sap than in the chro- 
mosomes or cytoplasm. The 
nucleolus (N°) is visible 


Fig. 8. Cumulative activity 
by divisions in chromosome X. 
Each curve represents one 
sample of the chromosome. 
References: ce chromocentral 
end; + cytoplasm nearby; 
--- unscored parts. On right 
ordinate the average maxi- 
mum total activity. Ratio of 
the latter and lax length 
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Fig. 9. Cumulative activity by divisions in chromosome 2L. References as for Fig. 8 
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Fig. 10. Cumulative activity by divisions in chromosome 2 R. References as for Fig. 8 
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Fig. 11. Cumulative activity_by_divisions in chromosome 3 L. References as for Fig. 8 


first chromosome (Fig. 8), except for 49.2 which definitely is the less 
active. Chromosome 3L (Fig.11), and probably also 3R (Fig. 12), 
show two classes of total activity, the lowest class having about half 
the activity of the highest. The division into two classes of activity 
is not caused by contaminating cytoplasm (see later and Table 1). 
[The length of chromosome 4R (Fig. 13) being little more than one 
division, it is impossible to decide if the discordance shown by 58.2 is 
‘significant.] The activity is independent of the actual length of the 
chromosomes in the squashes (Table 1). This is clear for the most active 
chromosomes and it can be assumed for the less active ones. 


The slope of the curves in Figs. 8—11 and 13 is very similar. Chromo- 
some 3R (Fig. 12) has an apparent higher slope due to the fact that its 
divisions, which are the longest of all chromosomes (BRIDGES 1935), 
have been plotted on the same abscissal length relative to the ordinate 
length used for the other chromosomes. The ratios of the average 
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Fig. 12. Cumulative activity by divisions in chromosome 
3 R. References as for Fig. 8 
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maximum activity of the chromosomes to the lax length is for all the 
chromosomes near 1.4. These ratios would still be roughly equal to 
each other if, instead of the lax length, the lengths in the first edition 
(BripGEs 1935) or in the revised edition maps (BRipGEs 1938, 1939, 
1942) were used; these alternative lengths are for all chromosomes 
about 1.5 and 2.8 times, respectively, the lax length. 

The contribution of activity in the cytoplasm to the counts on all 
chromosomes, except 4R, was assessed as follows. First, the active 
cytoplasm near the chromosomes, scored together with the chromosomal 
activity and marked in Figs. 8—12, shows no effect on the curves. 
Secondly, under a lower magnification chromosomes were classified 


Table 1. Comparison of the level of activity with the actual length of chromosomes 
and with the presence of nearby cytoplasm (see text) 

Activity has been classified as high (H), medium (M) or low (L) from comparison 

between samples of a chromosome. Length in brackets: approximate length 

because measurement of the whole chromosome was not possible. Error not 

serious. Cytoplasm (see text): 0 to +++ 
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according to the amount and activity of cytoplasm present within 
about 15 uw outside the chromosome, their length being also taken into 
consideration, as shown in Table 1. The activity of cytoplasm parallels 
the activity of the chromosomes in a general way, i. e. the most active 
chromosomes are associated with the greatest cytoplasmic activity. 
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But this is not so in every particular instance. Some of the most active 
chromosomes of Figs. 8—12 are associated with the lowest cytoplasmic 
activities (Table 1), while typically least active chromosomes may be 
associated with active cytoplasm. Both most and least active chromo- 
somes occur together with cytoplasm of the lowest activity. The maxi- 
mum averages of activity are therefore justified. 

The relationship between the activity in cytoplasm and that of 
chromosomes, if tenable, may receive any interpretation between these 
two extreme ones: (a) chromosomes and cytoplasm from the same cell 
have a correlated activity, (b) the relationship originates in small patches 
of cytoplasm contaminating the chromos mes. The first interpretation 
is not unlikely. The second one is lessolikely because of: 1. the far 
from constant relationship, 2. the selection practised against cytoplasm, 
3. the uniform trend of overall activity in the face of cytoplasm which 
is rarely uniform either in activity or in its extension along the chromo- 
somes, and 4. other evidence gathered from split chromosomes and, 
specially, from the analysis of the pattern of ARGs (see later). Some 
contamination cannot be denied, but on the whole it does not interfere 
with the observed overall pattern of activity of the chromosomes. 

The data are too scanty to decide if in one larva some cells show 
consistently higher activity over several chromosomes than other cells, 
though this seems rather likely. What is reasonably obvious in Table 1 
is that within cells all chromosomes tend to a common level of activity, 
with two exceptions. One exception is cell 57.1, which has chromosomes 
of high and low activity: this is a real case as chromosome X, the most 
active, is free from surrounding cytoplasm (Fig. 1), nor does it appear 
larger than the others. 


Table 2. Specific activity of chromosomes (see text) 
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For later comparisons of activity with other nuclear components, 
the activity of chromosomes per unit surface (specific activity) is given 
in Table 2. For the length, the lax length (BRIDGES) was used; in 
general, the moderately stretched length of the samples is not very 
different from the lax length. For the width, an average of 2.5 u was 
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measured in the squashes (in properly stretched chromosomes, the width 
varies with varying stretching proportionately much less than the 
length). This estimate of specific activity can only be an approximation, 


but it shows a similarity for all the chromosomes, with an average of. 


0.56 grains/u?. This similarity is of course that of the ratios in Figs.8—13 
differently stated. 


Activity of bands and interbands 
The activity of bands and interbands has been plotted in Figs. 14—19 
for the subdivisions containing them. Strong ARGs corresponding to 
single bands are well resolved and frequent (Figs. 2—6). Broad inter- 
bands also show ARGs, but the possibility of light bands being masked 
by the silver grains is always present: in interbands there is an average 
of ten submicroscopic bands (< 1,000 A) per micron (LowMAN 1956). 


Compacted sequences of bands and interbands are beyond the resolution - 


of the technique and many of these give ARGs which are plotted as 
continuous over several subdivisions. Seven samples of each chromosome 
are plotted, but owing to cytoplasm or to cytological difficulties some 
regions, i. e. the proximal ends of 2L and 2R, are ineffectually plotted. 
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Fig. 14. Autoradiographs by subdivisions in chromosome X. Each horizontal plot re- 

presents one sample of the chromosome. References: cc chromocentral end; @ strong ARG; 

@ ARG; © doubtful ARG; A ARG of any strength in regions of difficult cytology; 

? cytological score doubtful; . cytoplasm or another chromosome near ARGs; --- 

unscored parts; ——— (under scale) regions of confident cytological score. Subdivisions 
showing ARGs in 50 % or more of the samples indicated at the bottom 
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Fig. 15. Autoradiographs by subdivisions in chromosome 2 L. References as for Fig. 14 
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Fig. 16. Autoradiographs by subdivisions in chromosome 2 R. References as for Fig. 14 


All but the last chromosome samples plotted in Figs. 14—18, and all 
samples in Fig. 19, have been previously plotted for overall activity 
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Fig. 18. Autoradiographs by subdivisions in chromosome 3 R. References as for Fig. 14 


(Figs. 8—13). In the new chromosome samples not included in Figs. 8—12 
only the ARGs of bands and interbands were recorded, and not the 
remnant of the activity. The subdivisions where cytoplasm may have 
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produced ARGs over the chromosomes are indicated, as are those of 
uncertain cytology. 

It can be seen that some, but not many, subdivisions show ARGs 
in over half or more of the subdivisions sampled; these have been 
indicated at the bottom of the figures. Repeatability of ARGs is most 
marked in chromosome 2R and both arms of chromosome 3. Very 
easily distinguishable initial bands of certain 
subdivisions were examined for the presence 
of ARGs in cases where the subdivision Ke Dee 
was clearly readable and showed ARGs: in rtd 
15 A, the initial bands showed ARGs in all 49 
three cases where the subdivision showed 
ARGs; in 50 C, in three out of four cases; 
in 62 A, in three (one doubtful) out of five 
cases; in 85 F, in all four cases; and in 96 A, 
in two out of three cases. Other subdivisions 220 
are consistently devoid of ARGs, though 
almost always they are associated with grains 
not recognisable as ARGs of bands. Of all 
chromosomes 2 R has the lowest number of 
ARGs. There is no more repeatability of 55 © 
ARGs in either end of the chromosomes 
than elsewhere. 58 

The presence of ARGs, and therefore the 
repeatability over different samples, is to 
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some extent dependent on chance because 
of the few grains which compose each ARG } 
(see Figs. 3—7) (the activity of the whole eb D F 


chromosome being of a larger order is for  yig.19. Autoradiographs by 
our purpose free of such a variance). This ee. Oe ping 5 gy 
partly explains the lack of correlation in 

Figs. 14—18 between the intensity of the ARGs in one subdivision over 
several samples (the effect of compaction of subdivisions on the 
intensity of their ARGs was approximately weighed at plotting). Also 
the plotting by subdivisions has an anti-randomizing effect within 
subdivisions. 

A check on the ‘reality of the ARGs’ was possible through the 
occurrence in the preparations of chromosomes with the two chromatids 
separated. Sixteen split divisions, in four different samples of chromo- 
somes, gave sixteen ARGs of subdivisions in one chromatid with corre- 
sponding ARGs on the same subdivision in the sister-chromatid (total: 
32 ARGs), nine ARGs in one chromatid without a corresponding one 
in the other, and two ARGs, one in each chromatid, whose correspondence 
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was dubious. One of the splits, in this case with no ARGs in either 
chromatid, is shown in Fig. 1. Single chromatids contain half as much 
protein as double chromatids (ScHuLTz et al. 1955). Considering then 
that the lesser activity in chromatids than in chromosomes increases 
the variance of the ARGs, these figures mean a good degree of corre- 
spondence. Split chromatids in which both of them are clearly readable 
are not often found, and the present ones were not selected at all against 
nearby cytoplasm: its abundance resembled that found in most of the 
scored chromosomes. On the whole the ARGs of bands-interbands are 
then largely ‘real’, as was to be expected from the close correspondence 
with the structural detail of the chromosomes (Figs. 2—6). The best 
evidence against any serious contamination by cytoplasm is the statisti- 
cal uniformity in all samples of the activity as ARGs (see next section), 
irrespective of their classification as to the presence of nearby cytoplasm 
given in Table 1. 

The ‘reality of the pattern of ARGs’ can be assessed less efficiently. 
Randomizing factors are: variance of ARGs, cytoplasmic contamination, 
and error in the cytological score. The first two have already been 
treated: in general they will probably have a not too serious effect. 
The cytological error would be as follows. For divisions underlined in 
the map scales at top of Figs. 14—18 and for subdivisions bordering on 
them, the scoring by subdivisions is generally accurate; with the slight 
condensation tolerated in some samples it can be to plus or minus one 
subdivision. For other divisions, the score will often be accurate to, 
at the worst, plus or minus 3 subdivisions. From the overall appearance 
of Figs. 14—18, particularly from the intercalation of regions of accurate 
scoring, it can be concluded that the pattern of ARGs cannot be attri- 
buted to cytological error: the regions of confident scoring are no dif- 
ferent, either in uniformity or in variability, from the others. As this is 
independent of the class of activity of the chromosomes, and as chromo- 
somes strictly comparable in respect of class of activity and presence 
of nearby cytoplasm (Table 1), tend to agree where the others agree, 
all samples were plotted jointly in Figs. 14—19. 


Relation between ARG's of bands and interbands and the activity 
of the entire chromosome 

The clustering of ARGs in certain regions of the chromosome (Figs. 
14—18) does not have any effect on the trend of the overall activity 
(Figs. 8—12) of these regions. Exceptions are: division 9 in sample 57.1; 
divisions 10 and 11 in 60.6; divisions 53 to 55 in 60.2. Conversely, the 
trend of the curve is the same in regions where no ARGs can be recog- 
nized, or in whole chromosomes with fewer ARGs than the others 
(i.e. 2R), as it is in regions where ARGs are present. 
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Table 3. Subdivisions showing ARGs as per thousand of total activity 
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Data from regions scored in Figs. 14—19 
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Total Sub- Total Sub- 
_X | activity | divisions | 1000xB 2L | activity | divisions | 1000xB 
Cells (grains) |withARGs|~ A Cells (grains) |withARGs|~ A | 
A B oe B 
49.1 227 30 132 55.2 167 23 138 
49.2 124 21 169 57.1 160 17 106 
55.2 216 26 120 57.2 106 14 132 
57.1 208 34 163 59.1 109 12 110 
58.1 132 19 144 60.1 104 20 192 
60.6 161 25 155 60.5 164 22 134 
Average 147 Average 135 
Total Sub- Total Sub- 
2R_ | activity | divisions | 1000xB 3L_ | activity | divisions | 1000xB 
Cells (grains) |with ARGs A Cells (grains) |with ARGs A 
A B A B 
55.2 205 18 88 55.4 234 27 115 
55.3 130 13 100 57.1 122 14 115 
57.1 122 13 107 58.3 129 18 140 
58.3 172 16 93 60.3 125 17 136 
59.2 169 20 118 60.5 212 31 146 
60.1 260 30 115 60.8 195 22 113 
60.2 207 16 77 Average 128 
Average 100 
Total Sub- Total Sub- 
3R_ | activity | divisions | 1000xB 4R activity | divisions | 1000xB 
Cells (grains) |with ARGs A Cells (grains) |with ARGs A 
A B A B 
55.2 304 25 82 49.3 8 3 375 
55.4 282 35 124 49.4 9 1 111 
57.1 137 18 131 52.1 13 2 154 
59.2 240 30 125 55.2 i ee 4 364 
60.3 116 20 172 55.6 15 5 333 
60.4 232 26 112 60.9 17 2 118 
Average 124 


The number of ARGs in a chromosome, as can be read from Figs. 
14—18, is related to the overall activity of the chromosome. In Table 3 
the number of subdivisions with ARGs in each chromosome has been 
calculated as the per thousand of the total activity of that chromosome. 
Even without statistical treatment, which could only be artificial here 
on account of the crudeness of the parameter ‘subdivisions with ARGs’ 
and the lack of scores in parts, these values reasonably prove that the 
number of ARGs in a chromosome bears a relation to the total activity 
of that chromosome. For example, the three samples of chromosome 3L 
(cells 57.1, 58.3 and 60.3) and the two of 3R (cells 57.1 and 60.3), 
belonging to the lower class of activity, are within the range of values 
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for the other samples of the same chromosomes. Chromosome 2 R 
shows the lowest values: the average value is 27 % less than the combined 
averages of the other chromosomes, 4 R excluded. Values for chromo- 
some 4R are the most variable due to the small figures entering the 
calculation. The actual length of the chromosomes as given in Table 1 
does not determine the number of ARGs. This, which as mentioned 
later applies also to the percentage of activity as ARGs, indicates that 
the stretching was adequate enough to prevent ARGs arising from 
the compaction of bands and interbands of low activity. 


Table 4. Activity and density of band numbers. Percentage of activity as ARGs 














x 2L 2R 3L 3R 4R 
Number of photogra- 
phic grains per yu of 
chromosome (A) . . 1.50 1.33 1.35 1.44 1.44 1.33 
Relative density of 
band numbers (B) . 1.00 0.83 1.06 0.80 0.91 
Bo: Hida a date 5 Sey ae 1.50 1.60 1.27 1.80 1.58 





cell | % | cell | % | cell | % | cell | % | cell | % | cell | % 
49.1 | 52 | 55.2 | 46 | 55.2 | 40 | 55.4 | 49 | 55.2 | 39 | 49.3 | 63 
Percentage of total 49.2 | 50 | 57.1 | 40 | 55.3 | 32 | 57.1 | 39 | 55.4 | 54 | 49.4 | 22 

activity recognizable | 55.2 | 46 | 57.2 | 46 | 57.1 | 37 | 58.3 | 57 | 57.1 | 48 | 52.1 | 85 

as ARGs 57.1 | 54 | 59.1 | 40 | 58.3 | 47 | 60.3 | 44 | 59.2 | 62 | 55.2 | 66 
58.1 | 45 | 60.1 | 58 | 59.2 | 42 | 60.5 | 55 | 60.3 | 58 | 55.6 | 73 
60.6 | 60 | 60.5 | 54 | 60.1 | 48 | 60.8 | 52 | 60.4 | 57 | 60.9 | 65 














b1l| 473) 403| 493| 53.0| 623 
Mean + standarderror} 199] 499] +492] +27/ +33] +87 


























ee 2.98 | 5.69 | 5.09 | 4.72 | 649 | 36.50 
Probability (%) ... | °70 se 3 sa ort a <0.1 


* Not given by Bripazs (1942). 





Between | 
Probability of 2L—2R | m3. 


71 <P<=10 
differences of 2R—3L Fi, = 6.63 l- << 
the means (%) 2L—3R Fi, = 1.57 P>20 


Table 4 gives the percentage of the total activity of each chromosome 
that was recognized as ARGs. An extra sample of chromosome 2 R, 
60.1, which is very active (total count: 260 grains) and shows the 
greatest number of ARGs in Fig. 16, has been included. In Table 4 all 
chromosomes show values near 50%, except 2R and 4R. As judged 
by the ys, each chromosome presents a homogeneous group of 
percentages, except 4 R. In the latter, this is heterogeneous due to the 
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small size of the original counts, and has not been used for further 
analysis. In Table 5 the analysis has been carried further, using the 
actual counts to weigh the variable size of samples (Table 3, column A). 
y?’s inside columns indicate that the ratios of counts in each column are 
heterogeneous or nearly so between themselves, but this which is a 
property of the material or the technique does not invalidate further 
analysis. In a comparison between columns, which weighs the hetero- 
geneities inside columns, all columns if jointly considered are hetero- 
geneous. As canbe seen from the component ¥?’s, column 2 R is responsible 
for this, and its removal makes the rest homogeneous. The same result is 
obtained if instead of the actual counts the percentages are used. In 
Table 4, the mean of chromosome 2 R is significantly lower than that 
of any of the other chromosomes, except 2 L, which do not differ signi- 
ficantly among themselves. However, when count size is weighed as 
in Table 5, chromosome 2 L resembles all the other chromosomes to the 


Table 5. Analysis of variance in the actual counts giving the percentages in Table 4 

















Inside columns Between columns 
Chromo- | ep eo ¥ : Cc - Probab- 
somes pares i | @ ie Fans Rovsnr et Fi, wi << wned Nor Fi, ility 
| xi | x (%) 
2R 6 | 14.44/2<P<5]| 25.70 
x 5 9.20 | 5<P<10 4.09 ; 0.38 
2L 5 | 12.86 | 2<P<5 0.42 2.99 1<P<5| 3.51 0.54 >20 
3L 5 | 12.80 | 2<P<5 0.85 0.19 
3R 5 | 35.90 <0.1 8.15 | 1.69 
4R 5 | 9.89 | 5<P<10 | 
31 =| 95.09 |  <0-1 





exclusion of 2R. Thus, chromosome 2 R has the lowest percentage of 
total activity as ARGs: the percentage is 20% less than in the other 
chromosomes. No artifact could be envisaged as producing this lower 
percentage. Its actual length bore the same relation to the lax length 
as the other chromosomes in our samples. This analysis disproves 

any serious interference by cytoplasm. | 
Table 6 gives the mean intensity of ARGs. The intensity of ARGs 
in an extensible object such as chromosomes is not a reliable index for 
comparisons. To allow for the extension of the ARGs most of them 
were computed as for integers from one to several subdivisions, a few 
as for integers plus 0.5. Each of two ARGs in a single subdivision 
was computed as in a subdivision. The last two treatments avoid 
i blowing the figures as would result from division by less than unity, 
and respect as much as possible the individuality of each ARG; these 
cases were not many in Figs. 14—18. As number of subdivisions enters 
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Table 6.. Number of photographic grains per autoradiograph per subdivision (see text) 



































X _|Grains per ARG 2L | Grains per ARG 2k. Grains per ARG 
Cell | per subdivision Cell per subdivision Cell | per subdivision 
| | | 
49.1 4.29+40.39* 55.2 | 4.0140.43 55.2 | 4.99+0.65 
49.2 | 3.48+0.34 ‘ 57.1 | 4.48+0.69 55.3 | 4.00 +. 0.50 
55.2 4.69 + 0.49 57.2 | 433+ 0.59 57.1 | 3.55+0.45 
55.5 4.74+ 0.39 59.1 | 4.56+0.70 58.3 | 5.22+0.63 
57.1 | 3.86+0.35 60.1 | 3.86 + 0.47 59.2 | 4.38+0.50 
58.1 3.79 + 0.40 60.5 4.53 + 0.48 60.1 4.13 + 0.34 
60.6 4.32+0.4: 60.7 4.93 + 0.50 60.2 5.61 + 0.54 
Com- | Com- | Com- 
mon mon mon 
mean j; 4.16+0.17 mean , 4.38+0.13 mean 4.55 + 0.27 
3L | Grains per ARG 3R | Grains per ARG 
Cell per subdivision Cell per subdivision 
55.4 5.26 + 0.62 52.1.| 4.19+0.38 
57.1 4.16 + 0.50 55.2 5.26 + 0.68 
58.2 4.37 + 0.44 55.4 5.43 + 0.45 
58.3 | 4.77+0.58 57.1 | 4.21+0.49 
60.3 | 4.37+0.90 59.2 | 5.03-+0.44 
60.5 | 4.55+0.55 60.3 | 3.36+0.34 
60.8 | 4.56+0.65 60.4 | 5.47+0.63 
Com- Com- | 
mon mon | 
mean 4.57 +0.13 mean | 4.70+0.30 


* Standard errors 


the calculations in Table 6, the values are not suitable for analysis. 
The means of samples were considered as independent observations of 
equal weight and a common mean and standard error were obtained. 
it is evident that they do not differ much. The values for chromosome 
2 R are no lower than those for the other chromosome. 

On the upper part of Table 4 the activity per micron of chromosome 
has been divided by the relative numbers of bands per micron (BRIDGES 
1942, Table 3, col. 4). Similar ratios result if the relative numbers with 
double bands counted as one (loc. cit., col. 5) are used. It can be seen 
that the lowest ratio corresponds to 2 R. The lowest values will also 
correspond to 2 R for the following ratios: total activity over density 
of band numbers, or, activity per micron over total number of bands. 
The lowest value for 2 R means that this chromosome shows in a statisti- 
cal sense less activity per single band and/or interband than the other 
chromosomes. 

From Table 1, the percentages of ARGs as given in Table 4 are 
largely independent of the classes of activity in which the chromosomes 
belong, of the actual length of the chromosomes, and of the presence 
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of nearby cytoplasm. Thus, the number of ARGs (see before), but not 
the percentage of activity as ARGs, depends on the level of activity 
of each chromosome. 
Activity of certain parts of chromosomes 

In Drosophila melanogaster the chromocenter is formed by the 
coalescent centromeres ; it comprises the heterochromatic regions which, 
with the exception of division 20, have been left out of the plots. All 
chromosomes are metacentric with the exception of chromosome X 
which is telocentric. Table 7 gives the specific activity of ten chromo- 
centers suitable for 


scoring, possibly incor- Table 7. Specific activity of chromoceniers (see text) 











: ] T 
porating 4L but, at rik Se Grains sanuny | Average, 
least most of them, not eager B BA | o 
4R. The last chromo- | A | 

: Sah 55.2 | 5.8 28 0.78 | 
center listed was the 56.3 563 | 31 0.55 | 
only one recognisably 55.7 | 61.4 25 0.41 | 
overstretched and was ae | re | Ps ae | 
average. It is almost 58.5 17.9 15 0.84 | 
certain that differences 60.1 | 30.7 23 0.75 | 
; “ees 60.1 | 48.6 28 0.58 | 
in the ratios are partly 6011 | 125.4 | 30 0.24 | 


due to squashing. The 
chromocenters have DNA and look optically quite dense. As judged 
by the fine adjustment of the microscope they were as a whole not 
appreciably thicker than the rest of the preparation, but internal 
variations of thickness are most certain. Considering this source of 
error and the small dimensions of the object the ratios are reasonably 
consistent. Most frequently, however, chromocenters will impress the 
observer as being much more active than those scored, owing to conden- 
sation on them of basal parts of the chromosomes. 

Certain regions of the chromosomes are characterized by extrusion 
of chromosomal material: these regions are called ‘“‘nucleolus-like” in 
the X (regions 5C, 7 BC, 11 A, 12 EF and 19 EF; Brincss 1938, 
SLIzYNSKI 1945) and “puffs” in other chromosomes (42 A, 47 C; 68 C; 
85 F; Bripces 1935 and revisions). In Figs. 8—12 and 14—18 these 
regions are not particularly associated with foci of activity near, or 
with ARGs in, the chromosomes; a systematic error originating from 
such a likely source is thus disproved. On the other hand, these sub- 
divisions, which in chromosome X are of heterochromatic nature, are 
also not particularly dissociated from ARGs. When specially looked 
for the extrusions were at times recognized as distinct from cytoplasm, 
but frequently they were detached from the chromosomes and likely 
10 
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to be taken for cytoplasm of variable, but not high, activity. Region 
20 B—D, where the true nucleolus is attached (BripcEs 1938, Kaur- 
MANN 1938), forms part of the basal heterochromatin of chromosome X 
and was ineffectually scored. 


Observations on other constituents of the salivary gland cell 


Nucleoli are generally recognizable in these preparations under phase 
contrast, and tend to occur near the chromocenter through often they 
are displaced as a result of the squashing. The nucleoli possess a discrete 
boundary (though probably not a membrane), a more homogeneous 


hig 0) : ground substance than 

Table 8. Specific activitu of nucleoli and the cytoplasm, and 
comparison with activity of cytoplasm (see text) , 

other internal structure 


which is discussed else- 





| TEA TTS : 
Total Spe- | Activity per unit 





number Barince! <eitic Ave- | surface of 
Cen (eens | Ut acti- (grains meen =©6s Where =(StRLIN 1958). 

grains ; “*) | cytoplasm They appear no thicker 

A B AIB of same cell . 

than the rest of the 
49.2| 133 331 | 0.40 less preparation. The total 
55.1 87 = 162 | 0.54 less activity of nucleoli was 
55.2 79 147 | 0.54 equal ised kolieiens: 
55.4 87 | 147 | 0.59 equalar higher SSR me. eae: 
55.5 85 | 148 | 0.57 equal eleven nucleoli favour- 
57.2 152 | 440 | 0.35 | 0.51 equal able for scoring are 
58.1 259 440 | 0.59 less : 
59.1 100 165 0.61 higher entered in Table 8. The 
60.1 | 219 | 412 | 0.53 higher ratios in the fourth 
60.4 147 | 370 | 0.40 equal ee rem 
60.51 176 | 605 | 0.99 higher column indicate that 


the activity per unit 
surface (specific activity) of the nucleolus is constant. The nucleoli 
of larvae 55, and perhaps that of 59, are smaller than the other 
nucleoli. The average specific activity, excluding cell 60.5 with an 
almost certainly oversquashed nucleolus, is 0.51 grains/u?. The specific 
activity of small nucleoli (cell 55; and 59 ?), higher as a group than for 
the other nucleoli, could be due to a lower stretchability when size is 
small. The distribution of activity inside the nucleolus will be published 
separately (SIRLIN 1958). 

Cytoplasm in these preparations forms a discontinuous layer of 
variable activity, probably due to uneven stretching (chromosomes and 
nucleoli are certainly much less deformable). The activity per unit 
surface becomes then unreliable for quantitation. In Table 8 this is 
proved by a subjective comparison made for each cell of the activities 
of the nucleolus and those of the most active cytoplasm. The total 
activity of the cytoplasm is far greater than that of the whole nucleus. | 
The activity of the nuclear sap is low compared with that of the other ; 
nuclear components. These last two points are illustrated in an un- 
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ruptured cell in Fig. 7. This is not a fully grown, distal cell, but cells 
of the latter type show about the same picture. 

Certain roundish, most likely secretory, granules in the cytoplasm, 
measuring from a few up to 18 w diameter according to the squashing, 
are very active. They were clearly observed in larvae 52, 55 and 60. 
Larvae 57 and 58 showed granules which were less dense, more stretch- 
able and less active than those in the other larvae; in other larvae 
this type of granule was seen to approach the appearance of the denser 
ones by a series of intermediate steps. In larvae 49 and 59 none of these 
granules were seen. 


General discussion 


The biochemical background: nuclear proteins 


Proteins are the main components of the nucleus and they can 
amount up to 80° of its dry weight (ALLFREY, Mirsky and STERN 1955). 
Their abundance in the nucleus, unlike that of DNA, varies concur- 
rently with the physiological status of the cell: this has been parti- 
cularly shown for residual protein of the chromosome (Mirsky and Ris 
1951). Chemical analyses of protein in interphase chromosomes, isolated 
from various animals, show that histones and residual proteins are the 
major fractions. Whole nuclei contain little albumin (cf. Douncr 1955) 
and abundant globulin (KirkHaM and THomas 1953) which, however, 
has not been reported for isolated chromosomes, from which it could 
have been lost during isolation. Histones are a complex of proteins 
(STEDMAN ef al., 1954, 1957; Daty and Mirsky 1955) and they are the 
sole basic protein in somatic nuclei, the other basic proteins, protamins, 
occurring only in sperm-heads, though not in all types of them. The 
chromosomal content in histones or residual protein is variable, accord- 
ing to the source tissue and the preparative technique, but any of them 
can reach 40% or more. Residual protein of chromosomes (chromo- 
somin, STEDMAN and StEepMAN 1943; Mirsky and Ris 1947) is prob- 
ably the same as an acidic lipoprotein obtained from isolated nuclei 
and chromosomes (cf. Wanc, MAYER and THomaAS 1953); the matter is 
accompanied by.a small fraction differing from it in its solubility. In 
combination with DNA it is responsible for the structural integrity of 
the chromosome (Mirsky and Ris 1951). Up to about 10% RNA is 
attached to residual protein, the proportion varying with tissues; 
some of it is attached to histones. DNA, making up to 40% of the dry 
weight of the isolated chromosomes, is in part attached to residual 
protein and in part through salt-linkage to histone (Mirsky and Ris 
1951). For nuclei of different tissues, histones (STEDMAN et al. 1954, 
1957; Daty, Mrrsky and Ris 1951) and chromosomin (STEDMAN, 
pers. com.) vary somewhat in composition or physical properties. The 
10* 
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nuclear sap contains a protein complex, but sulphur-aminoacids were 
not studied (Brown e al., 1950). Little is known of the chemical 
correlation between nuclear sap and chromosomes. 

Chemical analyses of sulphur in chromosome proteins are available. 
' The sulphur in histones plus residual proteins of isolated chromosomes 
is 1.7% (CLAaupDE and PotrEerR 1943). Sulphur-aminoacids were not 
detected in chromatograms of hydrolysates of isolated chromosomes, 
though part of them may have been destroyed during hydrolysis (BLv- 
MEL and Krrpy 1948; Yasuzumi and Mryao 1951). Davison et al. (1954) 
summarized the conflicting evidence on the content of sulphur-amino- 
acids in histones: they possibly contain no cystine and some fractions, 
no methionine. The bulk of some histones (f and y histones) contains 
about 1.5% methionine and no cyst(e)ine (STEDMAN ef al. 1957 and 
pers. com.). Some chromosomins contain about 2% methionine and no 
cyst(e)ine (STEDMAN, pers. com.). Other residual proteins contain 0.4% 
cystine (STEDMAN 1943) or methionine and cyst(e)ine (WANG e¢ al. 1953). 
In general proteins of high type are richer in sulphur than the afore- 
mentioned. 

Protein studies of the salivary gland chromosomes of Drosophila 
in situ are also available, but. the types of proteins present have not 
been fully clarified. Non-histone proteins form the backbone of chromo- 
somes (KAUFMANN eéé al. 1951; Mirsky and Ris 1947, in Sciara; SERRA 
1947). What amounts to that continuum of residual protein has been 
observed by Lowman (1956) in the electron microscope as strands of 
100 A width, arranged in a spiral along the polytene chromosome 
(see also AMBROSE 1956). The model proposed is based on the chemical 
evidence for a more stoichiometrical relationship of histone, than of 
residual protein, with DNA. Similar observations were more recently 
made by Yasuzumi (1957). Ris (1957) has proposed an elementary 
nucleoprotein fibril of 200 A width as universal for all types of chromo- 
somes. By staining methods the bands appear rich in tyrosine, trypto- 
phan, histidine and NH, groups, while the interbands contain only 
traces of these aminoacids but are rich in NH, (DANrEeLLI 1947). The 
presence of tryptophan, which is absent from, or scarce in, histones, 
indicates the occurrence of proteins of higher type in the bands. It was 
concluded that the interbands could not be composed of typical histones 
or of chromosomin (both should contain tyrosine and histidine; and 
chromosomin should also contain tryptophan); the characteristic 
aromatic groups of both of these proteins are present almost entirely 
in bands. But the possibility of the aminoacids in the interbands being 
in too low concentration to be detected (see later) warns against in- 
terpreting qualitatively data of this kind. In Chironomus tyrosine was 
found in bands and interbands, but differences were not stated (BaRI- 
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GozzI 1937). RNA is linked with an acidic (tryptophan-rich) protein 
(KAUFMANN et al. 1951). Formerly, CasPERssON determined the concen- 
trations and types of proteins in bands and interbands using their 
ultraviolet absorption (summarized in CaspERssoN 1950). Later 
criticism of his technique contended that these results should be re- 
garded more as indicative of differences in density than as ratios of any 
particular substances (THORELL 1955). More recently, CaAsPERSSON (1956) 
maintained the soundness of his original data when considered for total 
protein. This is higher in bands than in interbands. Residual protein 
behaves in this way (McDonovueHu ef al. 1952). Recently, Horn and 
Warp (1957) have found correspondence between histones: and DNA 
bands in one species of Drosophila, which is in accord with the early 
interpretation by CaspeRsson. Generalizing from data gathered from 
Drosophila as well as other organisms, CASPERSSON indicates a recurring 
cycle in the relative amount of chromosomal protein with a maximum at 
interphase and a minimum at metaphase. This was contradicted by 
Ris (1947) who found the relative amount of total protein, and the 
ratio of histones to residual proteins, constant during mitosis. In 
Chironomus bands can be 10 times denser than interbands (ENGSTROM 
and Rucw 1951). No unambiguous answer has yet been given to 
the question of the concentration of non-histone proteins along the 
chromosomes. 

The protein sulphur of chromosomes in. situ has been reviewed by 
BracHET (1950). From colouring reactions in very different types of 
cells it is difficult to assess its abundance in chromosomes, though 
some of the completely negative observations are surely due to the 
limited sensitivity of the reaction. Sea-urchin egg chromosomes are 
rich in SH (Dan 1957). Chromosome increase their SH and -SS- groups 
during tissue regeneration (MARSHALL and BaRRNETT 1957). In the 
chromosomes of the early chick embryo variable and, at times, no 
incorporation of methionine was found (Srr~In and WADDINGTON 
1956). NH, and SH groups in the salivary gland chromosomes have 
been jointly stained (DANIELLI 1949) and though unstated they seem 
to abound in certain bands. With progressing spermatogenesis the SH 
groups in the nucleus increase; it could be expected that these groups 
belong in the chromosomes, which fill more and more of the nuclear 
volume during spermatogenesis, but this has not been proved. The 
protein sulphur of the nuclear sap is given in the same review (BRACHET 
1950). : 

The protein chemistry of the nucleolus has been lately reviewed 
(VincENT 1955). The total protein can be quite high, up to 90%, and 
in a state of low hydration. Most of it seems of a high type, albumin-like 
according to some views. There is also basic protein (HoRN and WarD 
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1957) but perhaps not as much as originally claimed. There is about 
5% RNA and some DNA in nucleoli, but to what type of protein they 
are attached it is not known. No unequivocal description of the non- 
histone proteins in the nucleolus of Drosophila is available. 

Some work on the protein-sulphur content of nucleoli in situ has also 
been reviewed by Bracuet (1950). In nucleoli of the early chick embryo 
the turnover of sulphur proteins is as high as or higher than for any 
other cell component (StRLIN and WADDINGTON 1956). Nucleoli become 
richer in SH and -SS- groups during tissue regeneration (MARSHALL and 
BaRRNETT 1957). The ratio SH:SS groups in total proteins of nucleoli 
of starfish ova has been measured photometrically (TrIcER, FaRau and 
DI STEFANO 1957). 


The information given by ARGs as used here 


ARGs. of intact embryos labelled with methionine-*S detect the 
tracer as aminoacids incorporated into proteins through peptide linkage 
(Smrtry, in press). In our material, diversion of the tracer into sul- 
phated esters can be discounted, as it has shown that sulphate-*S is 
not incorporated into any component of the cells (PELC 1956). In Droso- 
phila, as in other higher organisms, the sulphur of methionine acts as 
the source for the sulphur in the other sulphur-aminoacids, cystine- 
cysteine (RUDKIN and Scuuttz 1947). These three aminoacids are 
widely distributed among all types of proteins, with the exception of 
histones which are poor, and protamines which are devoid of them. The 
D-methionine presented with the tracer is readily invertible by the 
whole animal into the natural isomer (see ALMQUIST, in BLocK and 
Weiss 1956). 

The amount of tracer in a living system labelled ab initio gives a 
measure of the total amount of tracer incorporated in any chemical 
fraction. It is not a measure of the rate of incorporation (turnover or 
synthesis) as it is with the labelling of preformed systems over short 
periods. The measurement of the size of a labelled fraction by the 
amount of tracer in it is an absolute measurement, i.e. is independent 
of the time in which different parts of the fraction were constituted. 
provided that the ratio 5S: *?S in the utilizable sulphur is kept constant. 
In a complex system, such as a Drosophila culture, the latter is ob- 
viously an approximate assumption. Ratios of activity in our material 
indicate then the final, relative amounts of protein sulphur. On the 
average the present ARGs were produced by 1.3 x 104 %S-atoms in the 
chromosome proteins}. 

1 Considering yield = 1.8 grains per electron (perpendicular incidence ; LAMERTON 


and Harriss 1954), geometry = 50%, and recovery in scores = 72% (see footnote 
p. 120), a total per chromosome of 200 grains (taken as a typical figure) made deve- 
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Loss of proteins will have occurred during the procedure, parti- 
cularly the acid hydrolysis. It has been claimed that acetic acid does 
not fix albumin (cf. WoLMAN 1955), but such a loss would not be serious 
as the content in albumin of the nucleus is low. Two hours fixation in 
alcohol: acetic acid removes 26.5% of the histone of isolated nuclei 
(STEDMAN and STEDMAN 1950). The acid hydrolysis should extract all 
or almost all the histones remaining after fixation. In fact, it is one of 
the standard procedures for removing histone. D1 STEFANO (1948) 
concluded, by indirect estimation of histones in fixed tissue, that N HCl 
at 60°C removed all histones after 12 to 24 minutes. By direct chemical 
determinations on isolated nuclei, similarly fixed, histones were totally 
removed by 10 minutes of hydrolysis (STEDMAN and SrEDMAN 1950). 
Our material was hydrolysed for 5 minutes, as even less than this is the 
optimum for reading the polytene chromosomes with the stain used 
(SLIZYNSKA, pers. com.). Most of the histones were probably being 
removed, to which effect the fixation should also count. The residual 
protein of the chromosome is more resistant to extraction and is prob- 
ably not greatly affected by our procedures. On the other hand, it 
may be that nuclear globulin or any protein of the nuclear sap have 
been fixed in the chromosomes; fixed chromosomes show no matrix or 
envelopes (Ris 1957) that may have been missed in the chemical ana- 
lyses. The interpretations that follow have been made in terms of 
residual protein as defined before, as this protein is expected to com- 
prise a large part of the polytenic chromosomes, and as it is the only one 
definitely known to subsist after our procedures. Needless to say, 
this may be an oversimplification and should a large protein fraction 
other than residual protein remain in any of the nuclear components 
sampled, our interpretations would have to be adjusted as in terms of 
all these proteins jointly. 


The interpretation and discussion of results 


In these experiments it has been tried to study a uniform batch of 
larvae. It will be seen that the sensitivity of the method permitted 
distinction of developmental differences in individual samples of chromo- 
somes. It has been shown that genotype, including sex, and environ- 
ment, i.e. temperature, can determine to some extent the chemistry 


lopable during an exposure of 3 days, started one day after fixation, means 1.32 x 104 
35S-atoms present per chromosome at the time of fixation (with three minutes 
development of the films as used here the total grain count for the chromosomes 
should be lower than with a more standard development time, i.e. five minutes). 
As at that time the labelling in the tracer itself was 1:8.5 x 10, that figure re- 
presents an order of 10° protein-sulphur atoms in the chromosome. As the tracer 
was not the only source of protein sulphur in the food the actual figure should be 
higher. 
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of these nuclei (CASPERSSON and ScHuLTz 1940; ScHuxLtz et al. 1940): 
of these two variables the first was the most necessary to control. 
By using genetically homozygous flies the genotype variation is practi- 
cally eliminated, and the reaction to environment is presumably made 
uniform. The conclusions apply to the female salivary gland nucleus. 
Functionally this is to be regarded as an interphase nucleus. 


The protein sulphur in the hydrolysed chromosomes 


In what follows when we speak of the activity of any chromosome, 
we refer to the average maximum activity resulting from all samples 
of that chromosome. In biological work this attitude hardly needs 
justification. A second class of activity, lower than the average maxi- 
mum, in chromosome 3 will be separately considered. 

From the data we conclude that the concentration of protein sul- 
phur when plotted by divisions is uniform along the entire length 
(in first approximation = mass) of the chromosome complement. This 
results from the similarity of the ratio of activity per unit length both 
within and between chromosomes. The correspondence between amount 
of protein sulphur and chromosome mass could be checked in males, 
where the single X chromatid is expected to contain half the amount 
per unit length of the other two-chromatid chromosomes. In the text 
the reasons have been given for considering this as a true fact and not 
as the outcome of systematic error. Plotting the cumulative activity by 
chromosomal units of length smaller than the divisions in BRIDGEs map 
would not alter the general slope of the curves but would produce more 
zig-zag-like curves, eventually becoming a plotting of resolved ARGs 
versus unresolved activity. 

The simplest chemical explanation of this situation is that the 
uniform protein sulphur in the chromosome stands for uniform residual 
protein. So far, when we say “uniform” we refer to the chromosome at 
the divisional scale of plotting!. It should not be supposed that we are 
dealing only with the structural framework of the chromosome and not 
with one substrate of its physiological, ultimately genic, function. 
Either in vivo or in vitro residual protein was found the metabolically 
most active protein of the nucleus (ALLFREY et al. 1957; Daty et al. 1951; 
HoBERMAN and PERALTA 1952), more so than histones, and at times it 
approximates the activity of cytoplasmic proteins. In nuclei it is only 


1 Note added in proofs. — Rupxin, G.T., and S. L. Corterre [Proc. nat. 
Acad. Sci. U.S.A. 48, 964—968 (1957)] have determined by photometry that 
different regions of one: chromosome in Rhynchosciara angelae, except perhaps the 
regions with*puffs, contain similar amounts of protein after fixation with acetic 
acid and extraction with hot trichloroacetic acid. This would leave behind residual 
protein and perhaps some histone. 
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occasionally second in activity to a small diffusible ribonucleoprotein 
fraction. Its amount shows a correlation, greater than that of histones, 
with the amount of active cytoplasm surrounding it; histones seem more 
stoichiometrically arranged with DNA (cf. ALtrert 1955; KNoBLocH 
and VENDRELY 1956). Its activity varies parallel to that of cytoplasm 
when the overall protein metabolism is made to alter, as does that of 
histones (ALLFREY ef al. 1955a). Residual protein is bound in the 
chromosome with both DNA and RNA. All these facts make abundantly 
clear the functional significance of residual protein. ALLFREY e¢ al. 
(1955b) see in it the locus of cytoplasm-chromosome interaction right 
within the chromosome. In the polytenic chromosomes, directly parti- 
cipating in synthetic processes across the nuclear membrane (Gay 1956), 
if such a dynamism of the residual protein obtains it would be difficult 
to dissociate from the function of genes. A likely co-participant would 
be RNA, which in these chromosomes shows at this stage great meta- 
bolical activity at a time when DNA does not (PELC and Howarp 1956); 
the active RNA is mostly in the bands. In Chironomus the protein 
metabolism is higher in bands rich in RNA (Ficg and Pavan 1957). 

In its samples each chromosome shows a variability in the total 
protein sulphur which is not surprising in biological material. On the 
other hand, evidence has been presented (e.g. the tendency of different 
cells of the same larva to show a constantly low or high content for all 
chromosomes) which indicates probable developmental variations. 
These may be related to the position of the cell in the gland, ie. apex 
versus fundus; salivary gland cells grow vegetatively during almost all 
the larval life and fundal cells are at all times larger in their components 
than apical cells (DEMEREC 1950). If size and function increase together 
in the salivary cells, which is not proved, then the above interpretation 
would be in keeping with the correlation between amount of residual 
protein and physiological activity already found (Mirsky and Ris 
1951). 

In cell 57.1 the high protein-sulphur content in chromosome X and 
lower content in the others could conceivably have arisen through 
unequal polyteny (due to shifts of temperature ?). Some such morpho- 
logical evidence has been gathered in Diptera (MELLAND 1942) and is 
discussed by ALFERT (1954). A situation like this could have escaped 
notice in measurements for whole nuclei, which is a frequent practice in 
cytophotometry. 

As to the activity resolved as ARGs, the difference between it and 
the unresolved activity in the rest of the chromosome is largely one of 
sulphur concentration and this is greater in the former. Sulphur con- 
centrations mean that residual protein is more concentrated or that, in 
terms of sulphur, it is regionally differentiated. This residual protein 
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could be associated with either DNA (in bands) or RNA (in bands and 
interbands). For expediency, in what follows we preserve the term of 
““ARGs” for the residual protein agreeing with this description: they 
have been plotted at a subdivisional scale. The pattern of ARGs of 
bands and interbands is much less uniform than that of the overall 
activity. But certain bands and interbands show activity more repeat- 
ably than others. Evidence was presented to the effect that these 
ARGs, and their pattern, are largely real. Nonetheless, all randomizing 
factors will impinge more heavily on the resolved ARGs than on the 
total activity of the chromosomes. It cannot be excluded that differ- 
ences in development may be operative in producing the pattern of 
ARGs. 

The intensity of individual ARGs in an extensible object, such as 
chromosomes are, is not a reliable index for correlations. It is not 
’ obvious that reduction of the variance in stronger, longer exposed ARGs 
could have increased the repeatability between samples (without 
affecting the uniformity of the overall activity). Exposures of the 
chromosomes for 5, instead of 3, days still show a very discontinuous 
localization of ARGs. Stronger ARGs, by obscuring the chromosome, 
would seem impracticable unless for short, well defined regions. Spe- 
cially interesting should be the comparison of our data on the distri- 
bution of residual protein with similar quantitative data on the turnover 
of this protein (by short labelling of late larvae) along the chromosomes. 
It would not be surprising if the pattern of ARGs corresponds with a 
pattern of turnover rates along the chromosomes. PELC and Howarp 
(1956) found that the labelling of ‘intact chromosomes’ with methio- 
nine-*5§, for shorter times than ours, was uneven along the chromosomes. 
Due to the expected amount and metabolism of residual chromosomes 
much of this label should be in them. ‘Intact chromosomes’ labelled 
ab initio with methionine-*S show as much discontinuity of labelling 
as the residual chromosomes (unpublished). 

With few exceptions the ARGs are not reflected in the curves of 
cumulative activity in our scale of plotting. The independence is ex- 
plained by labelled chromosome protein contributing activity which, if 
‘not disposed as to be resolved as ARGs, buffers any effect of the ARGs 
on the curves. All major chromosomes are reasonably comparable in 
the proportion of the number of ARGs to the total activity, the latter 
being proportional to chromosome size. Chromosome 2R shows a 
lesser proportion (27% less): its activity is made more of unresolved 
activity than that of any other arm. All major chromosomes have the 
same percentage of the overall activity resolved as ARGs, except 2 R, 
with a lower percentage (20% less). These latter measurements show a 
reliable constancy for biological material. With chromosome 4 R, due 
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to its small size and activity, this was not so and without serious error 
it can be neglected. The mean intensity of ARGs being equal in all 
chromosomes, the activity as ARGs is proportional to the number of 
ARGs. All chromosomes, except 2R and 4R, have 22% of their 
subdivisions with ARGs (656 out of 2,969 subdivisions effectively 
scored) and 50% of their activity as ARGs; chromosome 2 R has 16% 
of the subdivisions with ARGs (126 out of 779) and 40% of the activity 
as ARGs (expected: 36.4%). The mean activity of subdivisions with 
ARGs is 4.5 photographic grains (Table 6) and, of subdivisions without 
ARGs, 1.2 grains. 

The combination of what has been said for the overall activity and 
for the activity as ARGs results in two patterns of concentration of 
residual protein coexisting in these chromosomes: a pattern at a divi- 
sional scale of plotting which is not sharply differentiated and a pattern 
at a subdivisional scale which is considerably, but not entirely, variable. 
The divisional pattern is the same for all the chromosome map. Com- 
puted by its high peaks — the ARGs — the subdivisional pattern is 
in all chromosomes of an equal size relative to the whole, except for 
chromosome 2 R, where it is smaller. The existence of the subdivisional 
pattern is deduced from: 1. the reality of the ARGs on which it is 
based, 2. the correspondence of the ARGs with bands and interbands, 
3. its constant size over all samples of a chromosome, and 4. its lesser 
size in one chromosome compared with the rest of the complement. 

The possibility that the whole of the subdivisional pattern is due to 
unextracted histones, unevenly distributed along different samples, 
is very slight: the sulphur of sites with ARGs is half the total sulphur 
in the hydrolysed chromosomes. According to Mirsky and Ris (1951) 
the salivary chromosomes, being in a cell with abundant and active 
cytoplasm, could be predicted as rich in residual protein. Even in the 
intact chromosomes twice as much histone as residual protein! would 
be necessary to account for 50% of the joint sulphur as histone sulphur. 
It is unlikely that there is that much histone in the intact polytenic 
chromosomes. Furthermore, though histones are mostly confined to 
bands (Horn and Warp 1957) ARGs of interbands are frequent. 

The significance of the subdivisional pattern is less easy to assess. 
Considering that it measures a variable of concentration along length, 
and that the high concentrations at the peaks (ARGs) and the low 
concentrations at the troughs (non-resolved activity) cancel each 


1The three sulphur-aminoacids have a similar percentage of sulphur. The 
average of 17 normal histones listed by Bock and Weiss (1956) is 0.92% sulphur- 
aminoacids, and of 4 other histones (STEDMAN et al. 1957, and pers. com.) from 0.4 
to 1.6%. The average of 2 chromosomins (STEDMAN, pers. com.) is about 2% 
sulphur-aminoacids. 
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other at the divisional scale, one question is posed: does the pattern 
mean. statistical variation or does it mean specific variation? The 
answer is in its size. The only reliable measurement that we have of 
this pattern is the ratio of activity in its peaks to the overall activity. 
This largely excludes any personal bias in the recognition of the ARGs: 
it is statistically uniform and high (50%) in all samples except 2 R. 
As to the size of the location of these peaks, which includes the bias in 
the scores, it is 22% of the subdivisions sampled? (for chromosome 2 R 
the corresponding percentages are 40 and 16). Only if the latter were a 
much higher percentage could the size of activity of the peaks be taken 
as random variation within the total activity. As it is, no statistical 
property inherent in the technique can account for such results in the 
absence of a real phenomenon. On the other hand, it is difficult to see 
how such results could be brought about by, for instance, changes in 
the ratio *§:%28 of the protein precursors. The pattern should be taken 
as a measure of specific variation. On the average, differences of four 
times or less the concentration of *S were detectable with the tech- 
nique. One grain associated with a band will not be scored as an ARG; 
five associated grains can be scored as an intense ARG: the first corre- 
sponds to 66 *S-atoms at fixation, the second to 330. 

In conclusion: at the divisional scale of plotting there is a rather 
uniform distribution of residual protein (a metabolically significant 
protein) along the entire chromosome complement, and most probably a 
constant fraction of that amount (except for chromosome 2 R) is con- 
siderably non-uniform as measured by its sulphur at the subdivisional 
scale. That the functional] unit exhibiting this non-uniformity is con- 
tained within subdivisions has been substantiated in a few scores within 
subdivisions (p. 133). A priori one could expect residual protein, being 
a quasi-continuous component, to show a less localized function than a 
discontinuous component such as DNA. The conclusions on the non- 
uniform component are, we are aware, conditioned by the limitations 
of the technique. 


The emerging picture of the chromosome at the submicroscopic level 
is devoid of many of the entities, i.e. bands and interbands, with which 
one is familiar with the light microscope. The functional unit in our work 
will comprise assemblies of the submicroscopic units proposed by 
Lowman (1956): rods of residual protein with terminally attached 
nucleoprotein granules, the whole measuring 800 A on the average, 
forming continuous strands (chromonemata) along the chromosome. 
The resolving limit in our technique is half a subdivision (average 


1 Estimate for all chromosomes but 2 R and 4 R (see p. 149). This is an outside 
estimate as ARGs of part of subdivisions were scored by the full subdivisions. 
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medium-stretched length: 1 ~) corresponding to 12,800 submicroscopic 
10,000 A x 1,024 chromonemata 





units ( 300 A )in extended chromonemata. 


Three simple explanations of the subdivisional ARGs can be given. ' 
(a) Net increase of residual protein in those subdivisions, which is 
subsequently released from the residual chromosome (as gene products 2). 
The possibility of localized enrichment in sulphur of the residual protein 
deserves mention. (b) Migration along the chromosome, e.g. towards 
the nucleolus via the chromocenter, of discrete chunks of residual 
protein (this was suggested to us by Professor C. H. WapprneTon). 
(c) Localized, reversible folding of strands (in waves?), which were 
originally folded and later partially unfolded (ALFERT 1954) along the 
chromosome: increased folding would mean more strand material per 
site. Sites of high repeatability of ARGs would be, for (a), where new 
protein is more frequent; for (b), as for (a) or where migrating protein 
remains stationary; for (c), where folding is more frequent, or where 
waves converge or remain stationary. Any of these three explanations 
has to account for an almost fourfold increase of protein (see p. 149) at 
the sites of the ARGs. The independence of the subdivisional pattern 
on the actual length of the chromosome makes it unlikely that this 
pattern could be due to an artifact of fixation at the submicroscopical 
level. 

All three explanations hold in terms of the residual chromosome as a 
whole, rather than in terms of parts, because of the constant size- 
variable location of the ARGs. In particular, the explanations by 
migration of protein (b) or by waves of folding (c) help visualizing a 
control of parts of the chromosome by the chromosome as a whole, 
without that necessarily making any one of them the true explanation. 
If explanation (b) proves correct it would go against all the non-histone 
protein of the chromosomes, after our procedure, being formed of 
strands. After reaching our conclusions we became aware that Ris 
(1957, p.55) had already proposed explanation (a) for the micro- 
scopically observable variation of size in the loops of lampbrush chromo- 
somes and in the puffs of polytenic chromosomes: unit fibrillar particles 
would be interstitially added in, or removed from, these regions of the 
chromosomes. If applicable to our observations this interpretation 
would be extended to the submicroscopical level. The possibility of 
localized folding has been recognized by ALFERT (1954, p. 154) (see also 
Scumitt 1956). Possibilities (a) and (c) could be implicit in suggestions 
made by Scuuttz et al. (1955) on reversible, localized swelling of the 
chromosomes. For a highly metabolical protein, such as residual protein, 
localized increases of protein could result in a parallel pattern of rates of 
incorporation verifiable after short labelling of late larvae. It is ob- 
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vious that the explanations advanced result in different meanings for 
the phenomenon described, and further work is contemplated to eluci- 
date between these explanations. 

The less variable subdivisional pattern of chromosome 2 R remains 
to be explained. This chromosome differs from the others in three 
respects; if ultimately these should have to be seen as only two, or 
perhaps one, is irrelevant at the moment. First, the density of bands 
and of interbands (not the total number) is greater (BRIDGES 1942). 
The density is 19% greater than that of all other chromosomes combined 
(but only 6% greater than X’s); this is also the order of the decrease in 
size of the subdivisional pattern. Secondly, and in accord with the first, — 
more genes have been found in this chromosome than in any of the 
other autosomes (BRIDGES and BREHME 1944); the number in chromo- 
some X is greater but this may reflect the greater ease of detection of 
sex-linked mutations. Thirdly, it contains less intercalary hetero- 
chromatin (HANNAH 1951), when judged by ectopic pairing, break- 
ability and repeats, but not when judged by the ‘minute’ genes (whose 
relation to heterochromatin is, however, unsettled). Thus, in our scores 
the less variable pattern of chromosome 2 R could be related to its greater 
chemical differentiation or to its relative poverty in heterochromatin. 
If the latter were to obtain, though the variable pattern may originate 
in the intercalary heterochromatin, it need not mean that in the other 
chromosomes it is seated in the heterochromatin itself. Heterochromatin 
is the one chromosomal component endowed by tradition with long- 
range effects. Nor has it beea possible in any way to relate unequi- 
vocally the subdivisional pattern of the chromosomes with the distri- 
bution of heterochromatin, as figured by Hannan. 

Intercalary heterochromatin is well defined in chromosome X by its 
protrusions, and much less so in other chromosomes (HANNAH 1951). 
There was no clear-cut correlation between overall activity or ARGs 
and heterochromatin in chromosome X. But, in general, heterochroma- 
tin being contained within single subdivisions or so, its behaviour is 
bound to be masked by the scale of plotting. For these reasons the 
activity of heterochromatin is best assessed in chromocenters, hetero- 
chromatic in these cells. If it is considered that the chromocenter is 
where all chromosomes interfuse (two of them are metacentric) (see 
EmMeEns 1937, his fig..3a), the quantity of protein should be greater 
than for the same area in single chromosomes, and therefore its specific 
activity of 0.66 grains/u* becomes an overestimation when used for 
comparisons. Greater thickness of the chromocenters was, however, not 
directly observed; they certainly were not overstretched. This would 
indicate a low protein sulphur content compared with the chromosomes 
of specific activity 0.56 grains/u?. This low sulphur content in the 
chromocenter is in accordance with the diminished residual protein 














153 


Protein sulphur in salivary gland chromosomes of Drosophila 





found by staining and enzymatic procedures (ScHULTZ 1947) or by the 
reduced number of submicroscopic strands (Lowman 1956). On the 
other hand, the UV-absorption of ‘intact’ chromocenters points to a 
sizeable amount of total protein (CASPERSSON 1950). 

A structural function could be envisaged for the sulphur in the 
residual protein (a structural protein itself) due to its uniform distri- 
bution at the divisional scale. But this necessitates its presence as 
cyst(e)ine, which is absent in some chromosomins studied (STEDMAN, 
pers. com.) but not in others (STEDMAN 1943; Wane ef al. 1953). The 
possibility. is given by the well known existence of -SS- bridges inside 
and between protein molecules. More recently a special capacity of 
SH groups for hydrogen-bonding has been proposed (FRAENKEL-CONRAT 

’ 1956). Some experimental facts are available which, if not unequi- 
vocally interpretable (due to pH’s, etc.), are in line with our proposition. 
Disruption of polytenic chromosomes follows after treatments with 
thioglycollate (Mazia 1955), which reduces disulphide bonds, or with 
performic acid (DANIELLI 1947), which. oxidizes them. Mazia (1954) 
claims that macromolecular nucleoprotein fragments of the chromosome 
are bridged together by divalent cations and other ionic forces. Am- 
BROSE (1956) ascribes to H-bonds the longitudinal cohesion of chromo- 
somes, and to the electrostatic set-up the lateral cohesion. It may be 
significant that histones, with the least sulphur content of all proteins 
in somatic chromosomes, are not structural proteins. It is realized that 
disulphide bridges can play only a restricted part as these chromosomes 
are highly elastic, and a lattice built entirely on such bridges would be 
rigid (FREY-WyssLine 1953). In our material, the decay of *S into 
35C], involving a change of valence and probably a rearrangement of 
molecules, should not in the envisaged scheme, and did not, affect the 
integrity of chromosomes sampled for chromosome mutations at day 21: 
the total sulphur is several orders of magnitude higher than the decayed 
sulphur!?. 


Comparison between polyienic chromosomes and a metaphase chromosome 


In one metaphase chromosome from root tips of Vicia faba the 
distribution of *°S in residual protein? was studied (PELC and Howarp 
1952). This chromosome has a submedian heterochromatic centromere 


1 Ratio of label in tracer at day 21:91: 8.9 x 10. Decay of tracer during 20 days 
8.9 x 104 
0.15 
of 10°. The unknown dilution of tracer by sulphur in the medium will increase the 

above ratio. 

2 In a similar material (onion root) this residual protein, as measured in whole 
nuclei, is given as 50% of the total protein (Ris 1947). Because of loss of proteins 
and other reasons connected with the technique, this value is probably over- 
estimated. 


in salivary gland: ca. 15%. Ratio of total to decayed sulphur: = order 
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and its longer arm carries a nucleolar organizer. The chromosome is 
22 u long and eight samples were plotted in segments of 3.5 u: grain 
counts showed a repeatable pattern. In the shorter arm the maximum 
number of grains was at or near the free end and the number fell notice- 
ably towards the centromere; in the other arm, from the centromere 
till past the nucleolar organizer that number remained constant and 
rose sharply at the free end to about the same number as in the end of 
the other arm (ibid., Fig. 2). The incorporation of tracer represented 
synthesis and not exchange. The samples of the Vicia chromosomes 
were labelled during one duplicative cycle. From the similar grain 
counts per segment of chromosome between samples, it is quite obvious 
that independently of the type of duplication of this protein, this is the 
pattern of its relative sulphur content along the chromosome. To 
decide if the new protein is entirely in one or in both of the two chroma- 
tids forming the chromosome, chromatids have to be analysed when 
segregating as chromosomes at the following mitosis. 

The pattern of sulphur in the Vicia chromosomes is the equivalent 
of the overall pattern of the polytenic chromosomes and should be 
compared with it. The bimodal pattern was explained in, for simpli- 
city, two opposed ways: either there is more residual protein at the 
end of both arms, or, this protein is there richer in sulphur. What is 
relevant is that when comparing the pattern of the two arms of the 
metaphase chromosome with that of the two arms of the metacentric 
polytenic chromosomes (chromosomes 2 and 3) the first type are uni- 
modal and the second type are uniform (all plotted in segments 1/, to 
1/sth the length of the chromosome). These differences can hardly be 
due to chance alone and must indicate a difference in organization, on 
which, until more comparisons of the kind are at hand, speculation is 
unfruitful. 


The protein sulphur of other cell components after hydrolysis 

For the comparisons in this section certain considerations are 
necessary. The recovery of grain counts and the surface estimations 
are better for nucleoli than for chromocenters and chromosomes. The 
specific activity of chromosomes was calculated using averages of 
maximum activity, of lax length, and of width. For the other two 
components direct measurements were made. Equal thickness after 
squashing had to be assumed for all three components: this yielded a 
reasonably consistent specific activity for the three. It is obvious 
then that the comparisons can point no more than to the order of 
differences. 

Nucleoli would also have their histones hydrolysed. In fact the 
chemical determinations cited before (STEDMAN and STEDMAN 1950), 
showing a disappearance of histones after hydrolysis, refer to whole 
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interphase nuclei with their nucleoli included. The specific activity of 
nucleoli (0.51 grains/u?) is of the same order as that of chromosomes 
(0.56 grains/u?). In other words, the amount of sulphur in their non- 
histone protein is alike. How much this residual protein of nucleoli 
resembles that of chromosomes as a whole ist not known. Under the 
electron microscope, nucleoli lack the fibrillar structure of the chromo- 
somes (LOWMAN 1956); on this account a difference in the residual 
proteins would be expected. If the concentration of total proteins of 
intact nucleoli is higher than that of chromosomes (a situation which, 
in general, is most likely) and if the sulphur content of both proteins 
is similar, one could think that more protein has been extracted during 
the procedure from nucleoli than from chromosomes. Qualitative obser- 
vations (HoRN and Warp 1957) do however show that there is more 
histone in the chromosomes than in the nucleolus, so that on this basis 
one could provisionally conclude that the latter contain less sulphur 
in their non-histone proteins. But it must be remembered that the 
different staining intensities found by Horn and Warp could be due 
to differences in the amount of groups available for the reaction rather 
than to actual differences in the amount of histones. 

When the specific activities of nucleoli (0.51 grains/u?) and chromo- 
centers (0.66 grains/u?) are compared — a comparison which is relevant 
because the latter includes the nucleolar organizer — the relative 
protein sulphur after hydrolysis is as great (or greater, because of a 
possible overestimation for chromocenters) in the nucleolus as in the 
chromocenter. Histones present both in the nucleolus and in the chromo- 
center (HoRN and Warp 1957) would have been hydrolysed. The 
matrix of the nucleolus resembles that of-the chromocenter in its poor 
fibrillar structuration (LOwMAN 1956). Comparisons between cell compo- 
nents such as in this and in the former paragraph were beyond our 
initial scope and remain inconclusive. For these comparisons at least 
a gross fractionation of proteins is necessary, i.e. combined with cyto- 
photometry (PoLLIsTER and Ris 1947). This was already made plain 
in the revision of the literature. 

Considering chromosomes and nucleoli, the apparent similar order 
of sulphur content in their non-histone proteins emphasizes the sharp 
differences found always in favour of nucleoli for the rates of incorpo- 
ration into proteins (reviewed in SrrtIn and WapDINGTON 1956). In 
this work we have dealt with female nucleoli, and these have a much 
higher relative protein content than those from males (ScHULTz et al. 
1940); the discrimination of sex is rarely made in the literature on the 
subject. If the fact that in Drosophila robusta the nucleolus commences 
to regress at mid-third instar before the nucleus has attained its maxi- 
mum size (LESHER 1951) is of general occurrence, it is bound to have 
implications. 


Chromosoma. Bd. 9 ll 











156 J. L. Strurw and G. R. Knicur: 


The granules described in the cytoplasm are connected with the 
secretion of the puparial glue (Gay 1956). They contain mucoprotein 
which could have been partly lost from the preparations. Thus they 
could have incorporated tracer either as aminoacid into their protein 

‘moiety, or, as sulphate derived from the aminoacid (MELCHIOR and 
TaRVER 1947) into the prosthetic moiety. The latter possibility is 
unlikely according to other work (PELC and Howarp 1956). According 
to the age of the larvae used here it seems probable that the absence 
of granula in some of the larvae represents their dissolution and discharge 
into the lumen. 

Summary 

Salivary gland chromosomes of Drosophila melanogaster have been 
labelled by feeding with methionine-*S throughout larval life. This 
provides a measure of relative concentrations of protein sulphur. After 
Feulgen hydrolysis the chromosomes were studied by means of high 
resolution autoradiography. It is believed that the main protein studied 
is residual (non-histone) protein of the chromosome, and provisional 
interpretations have been made on this basis. This protein is highly 
metabolical active. 

The activity was scored, by subdivisions, as unresolved activity or 
as autoradiographs resolved for bands and/or interbands. The difference 
between them is one of concentration of protein sulphur, which is about 
four times higher in the autoradiographs. 

The following points have emerged: 

1. When plotted by the divisions of Bripezs’ chart the concentration 
of protein sulphur is uniform along the whole chromosome complement. 
Some samples of a chromosome, however, have considerably less protein 
than other samples of that chromosome. 

2. When plotted by subdivisions, the repeatability of the occurrence 
of autoradiographs in the same subdivisions for different samples of a 
chromosome is variable and not high. 

3. In all chromosomes, except 2 R, the activity as autoradiographs 
resolved for bands and/or interbands is 50% of the total activity. In 
chromosome 2 R it is 40%. 

4. From approximate comparisons it results that the mean intensity 
of autoradiographs is the same over all the chromosome complement. 
The lesser activity of chromosome 2 R as autoradiographs is due to the 
lesser number of subdivisions with autoradiographs relative to the total 
activity of the chromosome. 

In conclusion, the protein sulphur of the chromosome includes a 
fraction represented by local increases in concentration. The location 
but not the relative size of this fraction is variable indicating that this 
fraction is under control of the chromosome as a whole. Three explana- 
tions are offered, between which it is at present impossible to decide. 
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These locally increased concentrations can be due to: (a) net increase of 
protein (or of protein sulphur but not of protein itself), or (b) increased 
submicroscopic folding of the chromosome. The constant relative size 
is suggestive of: (a) rapid release of new protein from the chromosome, 
or (b) displacement of protein along the chromosome, or (c) waves of 
folding. 

5. Heterochromatin in the chromocenter probably shows lesser 
relative protein sulphur than euchromatin. 

6. Nucleoli show the same relative protein sulphur in their non- 
histone proteins as chromosomes. 
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CHROMOSOMALER STRUKTURPOLYMORPHISMUS 
BEI EINER ZAPRIONUS-ART 


Von 
F. Manx 


(Eingegangen am 18. Dezember 1957) 


Der Verfasser beschrieb (Mainx 1958) eine neue Drosophilide aus 
Java, die auf Grund verschiedener morphologischer Merkmale zur 
Gattung Zaprionus gestellt wurde und den Namen Z. bogoriensis erhielt. 
Die Gattung ist allerdings bisher nur aus Afrika bekannt, wo sie einen 
groBen Artenreichtum zeigt. Auch in der Zahl der Eifilamente stimmt 
die neue Art nicht mit den bisher so weit bekannten Zaprionus-Arten 
iiberein. Es wird vielleicht spater die Begriindung einer neuen Gattung 
fiir diese auffallende, groBe Drosophilide nétig sein. Zaprionus bogoriensis 
scheint auf Java haufig zu sein und wurde dort wiederholt aut Friichte- 
kédern in weiblichen und mannlichen Exemplaren gefangen. Sie ist 
auf dem iiblichen Drosophila-Nahrboden sehr leicht zu ziichten. 

Die Mitose wurde an den Neuroblasten und in den Imaginalscheiben 
der erwachsenen Larven untersucht. Es zeigen sich 5 Paare stabférmiger, 
akrozentrischer Chromosomen und 1 Paar kleiner, kugelf6rmiger. Die 
Homologen liegen stets streng parallel und eng benachbart angeordnet. 
Das eine stabférmige Chromosomenpaar ist deutlich langer als die 
anderen 4 unter sich gleich langen Paare. Es ist wahrscheinlich das 
Geschlechtschromosomenpaar. In mannlichen Larven konnte kein Un- 
terschied zwischen dem X- und dem Y-Chromosom festgestellt werden, 
bis auf einen geringen Unterschied in der Farbbarkeit in Essig-Orcein. 
Die Interphasekerne der Imaginalscheiben zeigen einen meist zwei- 
lappigen, starker fairbbaren K6rper, vielleicht das heterochromatische 
Y-Chromosom. Die Riesenchromosomen sind in den Speicheldriisen der 
erwachsenen Larven sehr gut ausgebildet, aber stark tordiert, so daB 
sie bei der Praparation leicht brechen oder kurze Schlingen bilden, die 
mit Inversionen verwechselt werden kénnten. Es ist ein deutlich aus- 
gepragtes Chromozentrum von grobkérniger Beschaffenheit vorhanden, 
von dem die fiinf langen Elemente ihren Ausgang nehmen. Bei der 
Praparation lésen sie sich leicht aus dem Chromozentrum, in das sie 
von ihrem proximalen Ende aus mit diinnen Faden einstrahlen. Der 
groBe Nukleolus zeigt ein fairbbares Zentralkérperchen, das oft mit 
einem diinnen Faden mit dem Chromozentrum zusammenhangt. Das 
X-Chromosom ist bei mannlichen Larven schwacher gefarbt aber nicht 
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diinner als beim Weibchen und bleibt mit seinem proximalen Ende 
stets mit der Hauptmasse des Chromozentrums verbunden. Ein Autosom 
trigt einen kleiner Nukleolusbildner (Balbianiring). Kleinere und 
groéBere Paarungsliicken zwischen den Homologen sind ziemlich haufig. 
Es kommt auch vor, da8 die Homologen nur an den beiden Enden 
oder nur am distalen Ende im Bereich einiger Querscheiben zusammen- 
hangen. 

Es wurden 27 Praparate eines Stammes auf Inversionen gepriift, 
der in Jogjakarta (ava) isoliert worden war. In 11 Praparaten wurde 
ein Komplex aus zwei tibergreifenden Inversionen festgestellt, der in 
der Nahe des proximalen Endes eines Autosoms liegt und fast die 
Halfte der Lange dieses Chromosoms einnimmt. Die beiden Inversionen 
iibergreifen einander nur tiber einen kurzen Abschnitt. Das Bild des 
Komplexes ist oft durch mangelhafte Paarung der Homologen gestért. 
AuBerdem wurde in 2 Praparaten eine groBe, einfache, mittelstandige 
Inversion in einem anderen Autosom gesehen, die fast die Halfte der 
Chromosomenlange einnimmt. In einem. Praparat kommen die beiden 
Inversionstypen gemeinsam vor. 15 Praparate zeigten keine Inversionen. 
Von einem anderen Stamm, der in der Umgebung von Bogor (Java) 
gekédert worden war, konnten 4 Praparate gepriift werden. In 2 Pra- 
paraten zeigte sich der gleiche Komplex aus zwei iibergreifenden In- 
versionen. Die beiden Strukturtypen, die zusammen das Bild der 
beiden iibergreifenden Inversionen geben, scheinen also, zumindest auf 
Java, weitverbreitet zu sein. DaB zwei Stémme, bei deren Begriindung 
nur von einem oder sehr wenigen Weibchen ausgegangen wurde, chromo- 
somal so polymorph sind, zeigt, daB auch bei dieser Art ein starkerer 
chromosomaler Polymorphismus der natiirlichen Populationen ange- 
nommen werden kann, wie er bisher fiir viele Drosophila-Arten und 
andere Dipteren nachgewiesen wurde (letzte Zusammenstellung Mainx 
1956). 

Zum Vergleich wurden die zytologischen Verhialtnisse von 3 afrika- 
nischen Zaprionus-Arten untersucht; die in den Stémmen der Kulturen- 
sammlung in Pavia zur Verfiigung standen. Zaprionus vittiger wurde 
1952 in Abidian, Goldkiiste, isoliert, Z. tuberculatus 1955 in Zoutpans- 
berg, Siid-Afrika, wihrend der Stamm von Z. ghesquiérei unbekannter 
Herkunft ist. Alle 3 Arten zeigen in der Mitose das gleichférmige Bild 
von 5 stabférmigen, akrozentrischen, ungefahr gleich langen Chromo- 
somenpaaren und einem kleinen, kugelférmigen Paar. Ein Unterschied 
zwischen X- und Y-Chromosom ist nicht feststellbar. Es ist dies die 
,,Basisanordnung’’ des Chromosomensatzes, die auch bei manchen 
Drosophila-Arten vertreten ist und die bei der Gattung Zaprionus 
verbreitet zu sein scheint. Auch dieser Umstand spricht fiir die Zu- 
teilung der neuen Art bogoriensis zur Gattung Zaprionus. Je 20 Speichel- 
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driisenpraparate der 3 Arten wurden auf Inversionen gepriift. Wahrend 
bei Z. vittiger und Z. tuberculatus keine Inversionen gefunden werden 
konnten, wurde in 3 von 20 Praparaten von Z. ghesquiéret eine kleine 
Inversion in einem langen Autosom gesehen. Dieser Befund an Labora- 
toriumstammen schlieBt es natiirlich nicht aus, daB in den natiirlichen 
Populationen dieser 3 afrikanischen Zaprionus-Arten chromosomaler 
Polymorphismus vorkommt, doch dirfte er nicht sehr ausgepragt sein: 
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THE CHROMOSOME COMPLEMENT OF THE RHESUS MONKEY 
(MACACA MULATTA) DETERMINED IN KIDNEY CELLS 
CULTIVATED IN VITRO* 


By 
K. H. Roturets and L. SmminovitcH 
With 3 Figures in the Text 
(Eingegangen am 20. Dezember 1957) 


Introduction 


As part of a cytological study on tissue culture strains designated 
as “altered monkey kidney”” (AMK) by ParxkeEr e¢ al. (1957), it was 
desirable to study the chromosome complement of normal Rhesus 
monkey. 

The chromosome number of this monkey has previously been re- 
ported as 42 by DaRLineTon and Haque (1955) and Cav and GILEs 
(1956). The former workers have also identified the Y chromosome!?. 
The present paper describes studies on the chromosomes of monkey 
kidney cells cultivated in vitro, and extends the analysis of chromosome 
morphology to the point where most chromosomes of the complement 
can be individually identified. 


Preparation of cell suspension and slides 


Details of the preparation of cell suspensions and their in vitro propagation 
have been described elsewhere (SmmrnovitcH, RoTHFELS and PaRKER). In general, 
cultures were prepared by trypsinization of kidney cortex from wild adult Rhesus 
monkeys of known sex, obtained from India. The trypsinized cells were dispersed 
into a medium consisting essentially of lactalbumin hydrolysate, yeast extract, 
3% ox serum and salts (CoopER 1955). Twenty ml. aliquots of properly diluted 
suspension were placed into 10cm diameter Petri dishes each containing two 
slides. The Petri dishes were kept at 37°C and flushed continuously with air con- 
taining 5% CO,. Viable cells settled within 12 hours and began to proliferate 
on the glass. The medium was changed after 36 to 48 hours and cells were pro- 
fitably examined three to six days after explantation. 


* Supported in part by grants from the National Cancer Institute of Canada; 
the National Institutes of Health of the United States, Public Health: Service; 
and the National Foundation for Infantile Paralysis. 

1 While this paper was in press ‘‘A study of primate chromosome complements” 
by E.H. Y.Cuu and Norman H. Gives appeared [Amer. Natur. 91, 273—282 
(1957)] in which a photograph and some description of the chromosome comple- 
ment of M. macaca is given. 
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Suitable slides, with a rather sparse growth of actively multiplying cells were 
pretreated for 30 minutes with a one quarter strength Tyrode solution (Hsu 1952). 
Fixation followed in acetic alcohol (1:3) for 10 minutes. Following fixation, slides 
were allowed to dry completely and this resulted in a flattening of the cells and 
separation of the chromosomes without undue scattering. Large numbers of intact 
metaphases in which the chromosomes were well spread were thus obtained without 
manual squashing. The preparations were stained in 2% natural orcein (G. T. GurR, 
London) in 50% acetic acid and examined as temporary mounts or in euparal 
following a dry ice mounting schedule (ConcER and FartrcniLp 1953). These 
cytological techniques are described more fully elsewhere (ROTHFELS and SIMINO- 
viTcH, 1958). 


Chromosome number 


In suitable preparations the bulk of the divisions were clearly normal 
and diploid. The rare polyploid nuclei and the more common endo- 
reduplicated ones (LEVAN and HauscuKa 1953) will not be considered 
in this paper since they will be described elsewhere (SIMINOVITCH, 
ROTHFELS and PARKER). The vast majority of the non-polyploid cells 
had exactly 42 chromosomes. In one of the, better slides, one hundred 
consecutive (i. e. non-selected) metaphases were counted for chromosome 
number. Ninety seven were found to be 42. One, with a count of 43 
proved to have a chromosome broken through the centromere, possibly 
during preparation of the slide. The remaining two nuclei had 41 chromo- 
somes. Occasional counts of 41 were also made in apparently intact 
cells in other slides. These appear to be genuine and presumably arise 
through non-disjunction. In good slides no counts lower than 41 were 
found. 


Chromosome measurements 


In order to obtain measurements for the quantitative description 
of chromosome morphology, metaphases are required in which the 
chromosomes are well spread, with clearly defined centromeres, and free 
of overcontraction and obvious differential stretching. Nuclei from a 
male (Fig. 1) and from a female (Fig. 2) approximating this condition 
and actually used in analysis are shown as examples. 

Once suitable nuclei were selected, tracings were obtained, either as 
camera lucida drawings of individually centered chromosomes using a 
20 x ocular (LEVAN and HavscuKa 1953); or, from prints or projections 
of 35 mm negatives taken on Dupont Microcopy. In our experience 
tracing of negatives projected in a micro film reader was the least 
laborious and most accurate of the methods tried. 

In the tracings of chromosomes, the two chromatids were treated 
separately. The ends of the chromosomes were usually well defined but 
the centromeres, which formed non-staining gaps of considerable extent, 
required a standardized treatment. 
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Figs. 1 and 2. Photomicrographs of nuclei, in metaphase, from Rhesus monkey kidney cells 
cultivated in vitro (x 1520). Permanent mounts. 1 from male, 2 from female 
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The centromere gap was partitioned equally, and line tracings were 
made as accurately as possible from the insertion point of the chromatids 
down the center of each chromatid to the ends. Tracings of long and 
short arms were measured separately with a map measurer (Dietzgen, 
Switzerland) calibrated in eighths of an inch. Measurements were 
estimated to the nearest tenth division and for each chromosome the 
mean of the two short, and the two long, chromatid arms was recorded 
in ‘‘units”. These measurements formed the primary data. 

In monkeys, the males are heterogametic (XY), and their nuclei may 
always be recognized by the extremely small Y chromosome which is 
also the only acrocentric of the complement (see Figs. 1 and 2). The 
X chromosome, identified by elimination, is a medium sized metacentric, 
eighth in decreasing order of size and typically with an arm ratio of 
about 1.41. The chromosomes were numbered by Roman numerals in 
decreasing order of size, with minor modifications so as to group together 
chromosomes with similar arm ratios. It may be noted that there is a 
tendency for homologous chromosomes to lie together. A quantitative 
study of this somatic pairing was not undertaken. 


Identification of homologous chromosomes 


Table 1 shows the analysis of a single nucleus (24) to illustrate 
in a typical specimen the further treatment of the data. In order to 
give all nuclei equal weight, measurements of chromosome arms in 
“units”? were recalculated as a per cent of the total diploid complement 
length, (% diploid TCL) for each nucleus. For each chromosome the 
arm ratio was calculated by dividing the length of the short arm into 
that of the long arm (units). Finally chromosomes were arranged in 
pairs on the combined basis of relative length and arm ratio. As can 
be seen from Table 1 this could be done with ease for some pairs but 
difficulties were encountered in the characterization of others. For 
instance, the chromosomes numbered I (I, and I,) clearly form a pair. 
Their arm ratios are identical and even the unusually short I, is much 
longer than any other chromosome of the complement. Similarly the 
chromosomes numbered IV form a convincing pair. But the identifica- 
tion of the four intervening chromosomes which constitute pairs If 
and III is contentious because of conflicting indications from arm ratio 
and total length. Again, the proposed association of pairs XI and XII 
is arbitrary. All remaining pairings in this nucleus are straightforward, 
and with the possible exception of pairs XIX and XX, even une- 
quivocal. 

It should be pointed out that chromosomes which are difficult to 
pair in one nucleus may be classified unambiguously in another and 


1 For convenience, the arm ratios are written as indices, e.g. 3:1 as 3. 
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the information derived from these more critical nuclei: may help to 
resolve correctly the more problematic ones. It is probable that with 
greater stringency in the selection of nuclei complete and unequivocal 
. pairing might always be attained. 

Two minor modifications of this procedure were required to meet 
special situations. First, in order to make male nuclei directly compar- 
able to female nuclei in % TCL, the X chromosome was included 
twice and the Y chromosome disregarded in the computation of total 
complement length in males. The length of the Y chromosome was then 
expressed in % TCL by applying the appropriate factor for changing 
measured length into % TCL units. Second, it appears that at least 
the X chromosomes and chromosomes XXI are dimorphic in the popu- 
lation analyzed, the alternative chromosomes agreeing in % TCL, but 
differing clearly in arm ratios. These discontinuities in arm ratio 
necessitated separate tabulation and treatment of the two X chromo- 
somes (X and X’) and the two chromosomes XXI (XXI and XXI’). 


Distribution of % TCL and arm ratio of homologous chromosomes 
in different nuclei 

Five male and five female nuclei were selected, measured and ana- 
lyzed for % diploid TCL and for arm ratio in the manner just described. 
The most salient data were mean % TCL and mean arm ratio for each 
chromosome. 

Table 2 was drawn up to illustrate the actual distribution of % TCL 
and arm ratios of three chromosomes (I, IT, III) for all ten nuclei. These 
chromosomes were chosen because I is clearly and individually distinct 
while II and III overlap broadly in the observed ranges of lengths and 
arm ratios. Thus Table 2 covers the extremes of the situations en- 
countered in analysis. 

The table shows surprisingly that for any chromosome pair the 
values of % TCL of the two homologues within a particular nucleus 
tended to be more alike than the values of any two such chromosomes 
chosen randomly from the measured population. Thus measurements 
of homologues from the same nucleus cannot be considered as entirely 
independent estimates. A probable explanation of this observation is 
that the degree of mitotic contraction differs between long and short 
chromosomes or chromosomes arms, so that % TCL of a given chromo- 
some is to some extent a function of total complement length. 

The table further shows that although there is some overlap in the 
observed range of % TCL and arm ratio for chromosomes I and II, 
chromosome I can clearly be distinguished from IT and III in any one 
nucleus. In fact even chromosomes IT and III, whose lengths and arm 
ratios overlap very widely, may be distinguished from each other with 
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Table 2. Percent TCL and arm ratio in chromosomes I, II, III of 10 nuclei 















































Rai il % TCL (diploid) Ee Arm ratio 
pein gee I ee ee. I aoe ee 
ol 468 | 336 | 312 | 160 | 180 | 1.89 
74. | a | oe | oe 1.57 | 2.00 | 2.57 
aut 4.20 3.47. | 3.03 1838 | 206 | 2.37 
2 | 409 | 341 | 2.98 164 | 213 | 2.07 
‘ad 3.72 342 | 3.31 1.61 | 2.35 | 1.98 
Pe i 3.60 | 341 | 2.97 1.77 2.26 | 2.09 — 
ae 4.71 3.44 3.39 184 | 2.00 | 2.69 
Seg, oh a | ae 3.38 1.83 | 2.29 | 209 
so! 4.38 347 | 3.11 170 | 189 | 220 
. 2. | ‘on | Se | coe 160 | 194 | 2% | 
lg 1 4.59 8.55 | 3.31 1.87 | 2.09 2.09 
2 4.19 | 337 | 331 1.76 2.15 2.11 
og) 4.07 3.57 | 3.36 1.57 2.05 | 2.18 
2 3.81 347 | 3.18 io | 1 | ae 
33} 3.71 | 318 | 3.07 1.67 | 1.93 | 1.87 
oe ae ee | ae | ee 167 | 196 | 1.98 _ 
an 424 | 3.28 | 3.22 159 | 209 | 221 
2 410 | 325 | 310 | 136 | 180 | 2290 
sgl 417 | 3.21 3.06 180 | 219 | 1.73 
2 3.95 | 3.17 | 2.95 1.62 | 188 | 1.98 __ 
Mean of 20 4.12 | 336 | 3.14 168 | 2.03 | 214 





confidence in four of the 10 nuclei listed 


. Thus, with chromosomes like 


these, which would not be identifiable by their individual % TCL and 
arm ratio, a complete analysis of the nucleus may enable a definitive 


identification to be made. 


Mean % TCL and arm ratio of all chromosomes 
In order to construct an idiogram, the mean % TCL and mean arm 
ratio for all chromosomes was calculated. The results are shown in the 
last two columns of Table 3. The lengths are expressed in % hap- 
loid TCL rather than diploid since this in effect treats each chromo- 
some pair as a unit and thereby acknowledges the unexpectedly close 


association in length of homologues within one nucleus. 
representation is also simplified in this way. 


Graphical 


The separate values for males and females are also shown in the 
table. The comparison of male and female samples shows two trends. 
The mean arm ratio for chromosomes is generally higher in female 
nuclei than in male. The discrepancy is greatest in chromosomes VI, 
VII and XII—XVI with arm ratios larger than 2.5, and least in chromo- 
somes I, V and XVITI—XXI with low arm ratios. A regularity is also 
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Table 3. Mean °/, TCL (haploid) and arm ratio in 5 male and 5 female nuclei 
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Mean % TCL (haploid) Mean arm ratio Mean 5 $6 + 5 9 
Cg ne tS ee * eS i 
number 5¢ 5 9 5 | 5g banka | Arm ratio 
I 8.11 8.36 1.66 | 1.69 8.24 1.68 
II 6.64 6.80 1.99 2.07 6.72 2.03 
III 6.29 6.27 2.06 2.22 6.28 | 2.14 
IV 5.78 ‘| 5.90 1.80 1.92 5.84 | 1.86 
Vv 6.08 | 6.40 1.23 1.33 6.24 | 1.28 
VI 6.18 | 6.11 2.72 2.88 6.15 | 2.80 
VII 5.86 | 5.65 2.82 2.98 5.75 | 2.90 
VIII (X) | 4.79 (5*) | 5.24 (8*) | 1.45 (5*) | 1.38 (8*) | 5.07 (13*) | 1.41 (13*) 
(X’) | 5.17 (2*) 1.99 (2*) | 5.17 (2*) | 1.99 (2*) 
(Y) | 0.82 (5*) 6.50 (5*) 0.82 (5*) | 6.50 (5*) 
IX 4.34 4.77 1.07 1.20 4.56 | 1.13 
x 4.36 4.40 1.07 1.12 4.38 | 1.10 
XI 4.93 | 4.96 2.22 2.40 4.94 2.31 
XII 4.75 4.59 2.13 2.51 4.67 2.32 
XII 4.52 4.34 2.19 2.64 4.43 | 2.42 
XIV 4.00 4.04 2.52 2.72 4.02 | 2.62 
XV 4.46 4.41 3.16 3.39 4.44 | 3.28 
XVI 3.91 3.61 2.74 3.24 3.76 | 2.98 
XVII 3.33 3.02 2.16 2.05 3.17 2.11 
XVIII 3.31 | 3.31 1.13 1.09 3.31 1.11 
XIX 2.98 2.91 1.32 1.29 2.94 1.30 
XxX 2.75 2.54 1.24 1.21 2.64 1.23 
XXxI 2.47 (6*) | 2.16 (4*) | 1.10 (6*) 1.15 (4*) | 2.35 (10*) | 1.12 (10*) 
xr 2.60 (4*) 2.47 (6*) | 1.66 (4*) 1.79 (6*) | 2.52 (10*) | 1.74 (10*) 


* Number of chromosomes measured when less than 20. 


observed with respect to % TCL. Females tend to have larger % TCL 
for long chromosomes, males tend to have larger % TCL for short 
chromosomes. 

Althcugh inconsistent treatment of centromeres could produce 
systematic effects of this kind, a more probable explanation is provided 
by the differential contraction postulated above to account for the 
reduced variation in length between homologous chromosomes of one 
nucleus. Indeed, when the mean absolute complement lengths of the 
two sexes are compared (data not shown) that of the female is found 
to be longer by a factor of 1.32. Since complements of greater absolute 
length have relatively larger long chromosomes it would appear that 
there must be a smaller degree of mitotic contraction for long chromo- 
somes or chromosome arms. 


Description of chromosome complement (idiogram) 
The idiogram (Fig. 3) is constructed on the basis of the mean lengths 
and arm ratios shown in the last two columns of Table 3. 
Major chromosome groups are placed in one row, the centromeres 
are aligned horizontally, the short arms face up, and chromosomes are 
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numbered by Roman numerals placed at the centromere. The mean 
haploid % TCL is indicated in Arabic numerals beneath each chromo- 
some and the mean arm ratio similarly above. 
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Fig. 3. Idiogram of haploid chromosome complement of the Rhesus monkey. Chromo- 

somes are numbered by Roman numerals placed at the centromere. The mean haploid 

“o total complement length (TCL) is indicated in Arabic numerals beneath each chromo- 
some and the mean arm ratio similarly above 

¥ Within horizontal rows, individually distinguishable chromosomes 

B or groups of chromosomes are set off from each other by double spacing. 

Within such groups, chromosomes that are not readily distinguishable 

are single spaced; the sex determining chromosomes, which are all 

individually distinet are shown in a compact group. 
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The heteromorphic alternates to the X chromosome (X’) and to 
chromosome XXI (XXI’) are also shown in the idiogram. 

All autosomes of the Rhesus monkey are metacentric and all have 
arm ratios of 3.3 or less. In regard to size they form a closely graded 
series. Depending on the degree of contraction, the longest chromo- 
some varied from 8.1 to 14.9 u, and the shortest from 1.9 to 3.9 uw at 
metaphase. 

There are three “natural’’ groups of chromosomes. 

1. The seven “‘long”’ pairs No. I—VII, with the haploid % TCL of 
each chromosome well above 5.4. These chromosomes are shown in the 
top row of the idiogram (Fig. 3). 

2. The ten “medium’’-sized pairs, No. VIII—XVII, with haploid 
% TCL values above 3.1 and well below 5.4. The extremely short 
Y chromosome is also included in this group because of its presumed 
partial homology with the X. These chromosomes are shown in the 
center row of the idiogram. In size range they are absolutely distinct 
from the long chromosomes, but some overlap occurs with chromosomes 
of the short group. Where overlap does occur, the medium-sized 
chromosomes may always be recognized by arm ratios in excess of 2. 

3. The four “small” pairs of chromosomes, No. XVITI—XXI, with 
a % haploid TCL up to 3.4, and an arm ratio approaching unity in 
the three longest chromosomes of the group. 

Among the long chromosomes, I and V can always be individually 
identified. No. I is clearly and without overlap the longest chromosome, 
the arm ratio near 1.7 is distinctive, and in addition the long arm carries 
a secondary constriction (arrows in Figs.1 and 2; gap in idiogram) 
which is always expressed at least as a kink. It is not known whether 
this constriction organizes a nucleolus. Chromosome V, fourth in 
decreasing order of size, is conspicuous through the submedian position 
of its centromere. Length distinguishes it from the X chromosome, 
and chromosomes IX, and X, which also have nearly equal arms. 

The remaining five long chromosome pairs fall into 2 subgroups. 
A first, comprising numbers II, III and IV with arm ratios well below 
2.4, and typically near 2.0, and a second (numbers VI and VII) with 
arm ratios well above 2.4, and typically near 3.0. In the first subgroup, 
II is clearly second in total length and has an arm ratio of almost 
exactly 2, III has an arm ratio distinctly above 2, and IV an arm ratio 
distinctly below 2. III and IV also differ appreciably in length, IV being 
really the 6th chromosome in a precisely graded series. Chromosomes VI 
and VII also can usually be differentiated from each other on the basis 
of total length. In clear preparations, all seven long chromosome pairs 
may be identified unequivocally. 
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The medium-sized chromosomes again fall into two subgroups, a first 
characterized by an arm ratio below 1.5 (except for X’ and Y) comprising 
the ‘‘longer”’ chromosomes VIII, IX and X; and a second characterized 
by arm ratios well above 2, and including the ‘“‘shorter’’ chromosomes 
XI—XVII. All members of the first group are individually distinctive. 
The standard X chromosome, as found in all males and all but one of 
the females, has a % haploid TCL of about 5.1 and an arm ratio of 
about 1.4. Nuclei in a single female (two analyses included in Table 3), 
consistently had an unequal pair of X chromosomes (X, X’), the members : 
of which did not differ clearly in overall length but differed unmistakably 
‘in arm ratio, that of X’ being 2.0. A structural rearrangement appears 
to be indicated. If there is really no difference in length, a pericentric 
inversion or centromere shift might be inferred. Any such specific 
hypothesis must however await corroboration from meiotic bivalent 
analysis. 


The Y chromosome of the male could readily and consistently be 
identified in slides. representing at least 12 different animals. It is 
extremely short, equivalent to less than 1% of the haploid complement. 
This is also true for the baboon (Papio papio) and the pigtailed monkey 
(Macacus nemestrina) studied by Dartineton and Haque (1955). The 
arm ratio is linearly larger than 5.0 and much larger volume-wise. In 
the nucleus shown in Fig. 1, the short arm is excessively stretched; 
it is, however, always distinct. 


Pairs IX and X are almost alike in overall length and arm ratio 
but IX stands out by reason of the enormous secondary constriction 
(gap in idiogram) in the statistically longer arm. This constriction is 
almost certainly associated with the main nucleolus, but attempts to 
stain the body of the nucleolus in prophase have so far been unsuccessful. 
The main nucleolus in man also attaches medially according to ScauLtTz 
and St. LAWRENCE (1949), and YERGANIAN (1957). The two arms of 
chromosome X which are virtually identical in length can not be dis- 
tinguished by any structural landmark. 


An arm ratio larger than 2 identifies chromosomes in the range 
% haploid TCL 2.8—5.4 as members of the second subgroup. Among 
these chromosomes, XVII with an arm ratio 2.1 is the only one indi- 
vidually identifiable with certainty. The remaining six pairs of chromo- 
somes are best considered in two sections. First, of chromosomes XI 
to XIV which have arm ratios smaller than 2.8, XIV is the smallest 
and has distinctly the largest arm ratio, and can usually be recognized. 
The six chromosomes comprising pairs XI to XIII have been paired 
in all analysed nuclei, but it is not certain that such pairing was always 
genetically correct. Second, chromosomes XV and XVI always have 


Chromosoma. Bd. 9 12a 











174 K. H. Rorurets and L. SmmrNovircH: 


arm ratios well above 2.8, and in clear preparations can reliably be 
distinguished from each other by differences in length. 

Among the four short pairs, XVIII and XIX can be distinguished 
from XX and XXI on the basis of overall length, and from each other 
on the basis of arm ratio. Chromosomes XX and XXI can not always 
be clearly identified. 

The smallest chromosome has been found in two forms, X XI and 
XXI’, again apparently identical in overall size, but differing widely 
in arm ratios. The discussion given for the dimorphic X chromosomes 
is also pertinent here. Of the 10 nuclei analyzed, 4 (2 3, 2 2) were 
homozygous XXI, 4 (1 3, 3 2) were homozygous XXI’, and one male 
was heterozygous. It is not known how many animals were represented 
by these ten nuclei. 


Summary 

The chromosome complement of male and female Rhesus monkey 
has been investigated in kidney cells cultivated in vitro for 3 to 6 days. 
The chromosome number is 42. The Y chromosome of the hetero- 
gametic male is the smallest element in the complement, and it is 
acrocentric. The X chromosome ranks eigth in decreasing order of size 
and typically has an arm ratio of 1.4. The autosomes form a graded 
size series of metacentric chromosomes, 3—15 yu long in early metaphase, 
and with arm ratios from 1.1 to 3.3. Chromosome IX carries a large 
secondary constriction near the centromere; it is presumed to be the 
main nucleolar chromosome. A smaller secondary constriction is found 
consistently in the long arm of chromosome I. The X chromosome and 
chromosome XXI appear to be dimorphic in the limited population 
studied, the alternative forms differing in arm ratios but not in total 
length. An idiogram of the haploid chromosome complement is presented 
incorporating measurements of 10 completely analyzed nuclei, five from 
male monkeys and five from females. On the basis of relative length, 
arm ratio, and occurrence of secondary constrictions, most chromosomes 
of the complement can be individually identified. 
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THE CONTROL OF CHIASMA FREQUENCY IN VICIA FABA L. 
By 
D. G. RowLanps 
With 1 Figure in the Text 
(Eingegangen am 18. Dezember 1957) 


The main immediate source of variability in a population, so neces- 
sary for its continued evolution, is genetic recombination. The amount 
however which occurs in each generation is closely correlated with the 
breeding system of the species, a high level promoting flexibility, which 
is required in a cross-fertilizing species, and a low level being characteri- 
stic of inbreeding plants. Recombination is under close genetic control 
so that the efficiency of the population is not unduly affected. 

Since genetic recombination must be the outcome of crossing-over, 
its control occurs. at the chromosome level (REEs 1953, 1955), but the 
actual mechanism has not. yet been adequately described. 

Since Morean eé al. (1933) demonstrated genetically that prevention 
of crossing-over on two of the long chromosomes of Drosophila melano- 
gaster was accompanied by an increase in crossing-over in the third 
chromosome, several investigators have attempted to show the same 
relationship cytologically. Daritineton (1933) found a negative cor- 
relation between the chiasma number of the small extra bivalent and 
the total number of chiasma of the seven large bivalents in eight- 
chromosome rye plants. Sax (1935) disputed this finding on examining 
chiasma frequency in V. faba, where he found that.the chiasma fre- 
quency of the large M bivalents was uncorrelated with the total 
chiasma frequency of the five small m bivalents. MatTuHer and 
Lamm (1935) confirmed the findings of both DarLineTon and Sax and 
showed that normal seven-chromosome rye plants exhibited a negative 
intra-class correlation, and similarly within the five small bivalents in 
V. faba. MatHerR (1936) examined data on chiasma frequency in 27 
different organisms and found positive correlations of chiasma frequen- 
cies in some cases, and negative ones in others, while many organisms 
gave no significant correlations at all. Correlations which were statisti- 
cally significant appeared in some organisms within groups of bivalents, 
and in others between groups. On the basis of these observations, 
MATHER proposed his “Hypothesis of Competition” which suggested 
that the bivalents within a nucleus must compete for a limited number 


of chiasmata. 
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Chiasma frequency in Vicia faba 


In an organism like V. faba where the chromosomes can be separated 
into two groups, both the correlation coefficient and comparison of 
inter- and intra-cell variances can be used to provide information about 
the existence of correlations in the material. Furthermore chiasma 
formations are more numerous than in many plants and terminalisation 
is almost non-existent (MAEDA 1930), thus allowing metaphase chiasma 
frequencies to be used with comparative safety. 


Materials and methods 

The plants used for study were representative types taken from a Vicia collec- 
tion which had been built up at Aberystwyth over a number of years, and divided 
into the two main groups, major and minor respectively. 

Separate flower buds were fixed in Carnoy (6:3:1) to which a few drops of 
saturated aqueous ferric chloride had been added. Fixations were made simul- 
taneously and at comparative growth stages in an attempt to reduce to a minimum 
differences due to environment. Chiasma frequency examinations were made 
during metaphase in aceto-carmine squash preparations and correlation coefficients 
were calculated using the standard formula: r = 8 ate an . From the ana- 
lysis of variance, intra-class correlations could be determined. In the latter calcu- 
lations, the individual small bivalents could not be recognized, so that the 
mean square within nuclei was used instead of the inherent mean square. 
MATHER (1936) has shown that unless great differences in size occur between the 
bivalents, the use of the mean square within nuclei is just as efficient in detecting 
intra-class correlations. 


The minimum number of cells on which observations were to be 
made in order to give differences which are statistically significant was 
first determined. Two samples of twenty cells were taken from each of 
three individual plants, together with one of similar size from each of 
two unrelated plants. The distribution of chiasmata observed for each 
sample is shown in Table 1. 


Table 1. Chiasma frequency per cell in samples of 20 cells taken from the same and 




































































unrelated plants 
Chiasma frequency per cell Mean | St. dev Signi- 
Varicty —-— wat ot di 2. a ot. +] sege . 
wiety oa | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 per cell ficance 
FM 3/1 | 3 3 9| 4] 1|/—|—] 19.85 | 0.2433 | go] +s 
FM3/2 |—|— '— _3. 5| 5| 3| 3} 1] ° 0.3282 | 
FM 18/2 A |1/2!3 7| 5| 2|—!—|—]i8.95 | 0.2458 : 
bide. Bee ie 9| 3| 2|— =|] 188 | o-zess |°27] mot si 
FM 18/3 A |1/5| 4 4) 4| 2}/—|—|—]18.55 | 0.3282 
__B [1] 2} 7 6| 2| 2|—|—|—}1860| 0.2846 |%!2| not sig. 
FM2/5 A |1/ 3/2 5! 5| 2| 2|—|—]19.20] 03741 |,, ; 
B /1/—| 2 3! 6] 3] 4/ 1 |—|20.15 | 0.3787 | 1-78] 20 sie. 
Total | 6 | 14/24 |40/39|22/10| 4 | 1] 19.40 | 0.1280 | — a 





** — significant at the 1°% level 
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It can be seen that the samples from the unrelated plants showed 
highly significant differences, while both samples taken from the same 
plant did not show such differences. Twenty cells for each analysis 
were therefore considered to be a fair sample. 


Results 
A, Differences between V. faba major and V. faba minor 
Since no information was available regarding any possible differences 
in chiasma frequency between major and minor, plants from each group 
were analysed separately. The results indicate differences between 
means within each group, 


Table 2. Chiasma frequency in V. faba major while the groups themsel- 




















and V. faba minor ves do not differ signifi- 
Jabal Variety | Mean | St. dev. [Group | St. dev. cantly from each other, “‘t’’ 
jpercell) = + mean| 2% for 6 degrees of freedom 
| being 0.003 giving a prob- 

Fm3_ | 20.60 | 0.2000 | | peste ; et : Mie 
Fm7 | 18.33 | 0.2274 | 19 7 | peed ability of over 90 per cent 

Minor) Fm 2 | 17.90 | 0.3471 | 18-87 | 0- (Table 2). 

__| Fm6 =| 18.65 | 0.3787 | | ‘ One can conclude there- 
FM6 19.09 | 0.1179 | | fore that the two groups 


Major ae ioe coon | 18.89 0.2420 do not differ in respect of 
FM 15 | 19.45 | 0.2755 | chiasma frequency, which 

is inagreement with SENJa- 

NINOVA-KorczaciIna (1932) who showed that the two groups are 
indistinguishable in chromosome size and in the relative length of 


chromosome segments in particular of the M chromosome. 


B. Differences between plants and within plants 

Since varieties as such cannot be recognized in V. faba, comparisons 
must be carried out on a plant basis, and although populations can be 
separated by analysis, chiasma frequency per plant appears to vary 
considerably within as well as between particular populations. 

Table 3 gives the analysis of chiasma frequency in 20 cells for each 
of 16 plants. 

Total sums of squares and inter-plant sums of squares can be calcu- 
lated from the data, and intra-plant sums of squares obtained by dif- 
ference. Calculation of the variances and a variance-ratio test of inter- 
and intra-plant mean squares shows (Table 4) that the inter-plant mean 
square is significantly greater than the intra-plant mean square. 

These results suggest that whereas comparatively little variation 
occurs within each plant individual plants differ from each other appre- 
ciably in their level of chiasma frequency. Thus, it may be assumed 
that within each plant there is a tendency to control the total chiasma 
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Table 3. Frequency of cells with stated number of chiasmata in V. faba 
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Chiasmata per cell 
Plant |—— == - ———_—__————_______— 
12 | 13 | 14 | 15 | 16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 
| | | 
FM 2 —}—| — 1 3 | 4/ 5 4/2; 1lJ—!—}]— 
ee ee | eae eee ee ee 6 ee ere 
ee ES Ee ee ee he ok we ae 
wee ft |) | — | — ge 8 a ee 
FM 3/1 | — —|—|]—! 8] 3) 9 ‘eis 1)/—)};— 
FM 18/2] — eee wes a lak ee Nie yen ee cee 
FM 18/3] — “a Lhe isc tcteabece dl. Bet ee ee 
FM 18/4] 1 os 1 6 + 4; 1)/—; 1}—j|—);— 
FM 18/6 SR pees weet ay i ae Ge ee Leek cee eee 
FM iss} —|—|—|—]|] 1] 2| 6/ 7| 8}—/ 1}—|— 
FM 2/5 | — | —/ — | — 1 3 2 5 5 | 2 2;/—/|— 
meee te fe a epee ee ae ee 
JO —/—/—;—/—|—] 2] 6] 6] 565i 1/1] — 
J2 —/—;—!'—| =] 1) 4; 1} 4] 3) 4/1] 2 
J4 —}—}— | — 2 5 3 ie 3) — 1 2 
J8 — |— | —i-—-}|]— 1|—]|} 9j| 3] 8 > a | 1 
Total] 1 |— | 2 , 3 | 19 | 36 | 62 | 75 | 57 | 39 | 16 | 5 | 5 
Table 4 
| | | Mean | 
Sumof | | M | 
nate es 2 | | j cated | square | Probability 
Inter-plants 284.3875 15 | 18.959 
Intra-plants 725.3000 | 304 | 2.386 | 7.95 <0.001 
Totel ||. 100.0875 | -319,| — | — fa 


frequency in each cell, but the level at which this control operates can 


differ from plant to plant. 


C. Differences between and within cells of the same plant 
Chiasma frequency of individual bivalents was noted in four separate 
plants although the particular bivalent involved each time could not 
itself be identified except the large M bivalent. The frequencies recorded 
singly for the small bivalents and their totals for each cell are shown in 


Table 5. 


Table 5. Frequency distribution of bivalents and cells for numbers of chiasmata 
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| a oe ee 
wit) es | ee 11| 12 | 13 | 14 | 15 | 16 |17 18 

so || 35) 53] 12 100 |—| 3] 4 1| 5 bij feiies 
J2 |—| 43| 45; 12] 100/2| 3] 4] 7] 3] 1 |—|—] 20 
J4]2/ 41| 44/13] 1100/3} 5/ 4] 3} 2/1 1/1/12] 20 
J8 |—| 32] 55] 13 of 
Total | 2 | 151 | 197| 50 | 100 [5 | 14 21 {13 | 5 |3[1] 80 
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In the four plants analysed the range was small being from one to 
four chiasmata per bivalent. An analysis of these figures for the small 
bivalents of V. faba using the method of intra- and inter-cell variance is 
given in Table 6, and, for comparison, the figures obtained by MATHER 


Table 6. Comparison of intra- and inter-cell variance as an indication of correlation 
of chiasma frequency 




















>]. z 3 Variance ____] Variance ility 
Plant Ref. No. FORE | iene aan atta Z Probability 
J0 0.4600 | 0.2584 1.8 0.2939 0.05 (5%) 

J2 0.4800 | 0.3680 | 1.3 0.1312 | 0.05 

J4 0.4600 | 0.7870 17} 0.2682 0.05 

J8 1 0.4000 | 0.4940 1.24 0.1076 0.05 

MatTuHer and LamM 0.7080 | 0.3531 — 0.3478 0.01 


and Lamm (1935). Variance ratios were originally used, but for com- 
parison with the data of MaTHER and Lamm, they were transformed 

into values of Z. 
Intra-cell variance was not always significantly greater than inter- 
cell variance, and in one plant it was much smaller, but in plant J0, it 
was significantly greater suggesting a ten- 





Table 7. Inter-class dency to a negative correlation within the 
correlation coefficients small bivalents as shown by MaTHER (1936). 
act adhe Plant J4, however, was the opposite, conse- 

pat | N | - quently it must be concluded that there is 


a tendency towards a positive correlation 
FM3/1_ 18 —0.6201** within the small bivalents. In the two plants 
FM 3/2 | 18 | —0.5801**  J2 and J8, however, no significant differ- 





hs ce eee ences were observed between their intra- 
FM 2/5 | 18 | —0.0217 and inter-cell mean squares. 

ry sie . | He Calculation of correlation coefficients 
J4 18 | +0.3010 between the chiasma frequency of the large 


** significant at 1% level. © bivalent and total chiasma frequency of 
the small bivalents per cell, shows a similar 
distribution of correlations, although not 

in the same plants. The data for eight selected plants are given in 

Table 7 in order of size from negative to positive. 


Of these eight plants analysed, two gave significant negative 
correlations, but in the four plants previously analysed by the Z method, 
not one significant correlation was found. In effect, a wide range of 
coefficients can be seen, from negative correlations that are highly 
significant to positive which approach the level cf significance. MATHER 
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(1936) showed that a significant deviation of the mean of the correlation 
coefficients from zero affords good evidence of a tendency to demonstrate 
correlations in the direction of that deviation, although it is better to 


test the corresponding Z values than the coefficients themselves. Testing 


big : ; : 0.092. 
the present range of coefficients in this way, with t = panded , or 0.3153, 


and with N, the number of the degrees of freedom as 7, the probability 
is 0.8 (80 per cent). In fact, the deviation from zero is very slight 
indeed, and is not significant, which suggests a purely random distri- 
bution. of the coefficients around zero. A similar range of correlation 
coefficients has been demonstrated recently by Harte (1956) for the 
chromosomes of Paeonia tenuifolia, which suggests that this condition 
may be of more common occurrence than has been previously realised. 


The disadvantage in analysing cells from a single plant, however 
large the sample, thus becomes apparent since by chance the particular 
plant selected may show a significant positive correlation, while the 
majority of plants would show no correlation at all. 


D. Chiasma formation per bivalent 


An analysis of chiasma frequency per bivalent in relation to inter- 
ference is useful in deciding whether the particular plants analysed 
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Fig. 1. Frequency of chiasmata per bivalent as an indication of chiasma interference 








were abnormal in any respect. Data for m and the corresponding M 
bivalents in the four plants JO, J2, J4 and J8 are shown graphically 
in Fig. 1. According to HaLpane (1931) the presence of interference 
can be inferred when the frequency of chiasmata is too great near 
the mode and too little near the extremes on the expectation of 
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randomness. This test for departure from a Poisson distribution as 
an indication of interference gives the values in Table 8, where in 
all cases the variance is much less than the mean. 

It can be seen that such is the 


Table 8. Comparison of mean and case in both the m and M chromo- 
variance of chiasma frequency per somes, a distinct similarity can 
bivalent én four plants of V. faba be detected between the present 





Plant |mchromosomes}Mchromosomes material and the data used by 
Ref. oe 

No. mean | variance mean | variance HALDANE ( 1931). The four plants 
under discussion must therefore 























J0 2.77 | 0.2548 |6.15| 0.8275 be regarded as normal in so far 

J2 2.69 | 0.3680 | 7.05 | 1.4475 : 

J4 |2.68| 0.7870 |5.65| 1.0275 8 they show interference compa- 

J8 |2.81 | 0.4940 |6.05| 1.1475 rable with that demonstrated by 
Mean 2.74 | Mean 6.23 previous workers. 


Discussion 

The results obtained show clearly that there is a tendency to control 
chiasma frequency within fairly close limits, but that variation can 
occur from plant to plant in the actual level which this control deter- 
mines. It does appear, however, that the negative correlation of chi- 
asma frequency is not in any way responsible for this control. Since a 
significant negative correlation was found only in one of the four plants 
in which chiasma interference was demonstrated it must further be 
assumed that such negative correlation is independent of chiasma inter- 
ference, a conclusion already stated by MATHER (1936). 

It is obvious that a necessary prerequisite for the formation of 
chiasmata is the adequate pairing between homologous chromosomes, 
but it is not yet clear whether small non-homologous segments are able 
to decrease the apparent homology as observed during pairing. It is 
possible, however, that many such non-homologous segments may 
reduce pairing in these parts of the chromosomes thus reducing the 
chiasma frequency as well. Only a combined genetic and cytological 
examination of V. faba can confirm the possibility of this effect. 

Another factor limiting chiasma frequency is the localization of 
pairing with the consequent localization of chiasma, but this has not 
been observed to any great degree in V. faba. In fact, chiasma frequency 
appears to be largely a function of chromosome length, and when the 
bivalent number is constant, the control of chiasma frequency per cell 
would tend to operate within fairly narrow limits. Within each cell, 
however, variation in particular bivalents would rarely be in the same 
direction, the results being stabilization of chiasma frequency from cell 
to cell. To demonstrate a negative correlation of chiasma frequency in 
a number of cells in the same plant would require some factor common to 
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all the cells and controlling the chiasma frequency of particular bivalents 
in different directions. Such a factor could be chromosome pairing at 
pachytene. With long chromosomes, or on the other hand, a large 
number of chromosomes, mechanical interference between chromosomes 
could often reduce pairing especially if large size differences existed. 
It is only if chromosome reproduction takes place before pairing has 
been completed that the effects of interference will be apparent. Nor- 
mally, although pairing sometimes may be slightly delayed, sufficient 
time may elapse before reproduction for pairing eventually to become 
complete. Consequently negative correlation would occur only when 
reproduction of the chromosomes was precipitated possibly by external 
conditions, and since meiosis within a particular anther is normally 
simultaneous in all the cells, the analysis of chiasma frequency based 
on a single anther under such conditions would show a highly signi- 
ficant negative correlation. The chance of this correlation appearing 
would be greater in plants with long chromosomes (generally with a 
high chiasma frequency) or with large numbers of chromosomes per cell, 
as observed by MaTuHEr (1936). 

MatHER’s “Hypothesis of Competition” pre-supposes a limitation 
of some material within the nucleus for which the bivalents must com- 
pete. In one respect this is in accord with the idea ofa time limit for pairing 
imposed by the onset of chromosome reproduction, since some bivalents 
by their very nature may be able to take advantage of the time limit 
for pairing at the expense of other bivalents. 

It is possible, therefore, to re-establish chiasma formation on a 
purely mechanical basis, i. e. pairing followed by crossing-over and then 
by reproduction of the chromosomes. Chromosome length to some 
extent is under genetic control and also spiralization of the chromosomes 
(DaRLINGTON 1932). Furthermore, time of reproduction must also be 
genetically controlled, so that control by the genotype of variation in 
chiasma frequency can operate on at least three levels, possibly more. 

The correlation of chiasma frequency in one bivalent with that in 
another therefore is not a mechanism for the control of chiasma for- 
mation, but rather the infrequent outcome of such control. 


Summary 


In Vicia faba two groups of chromosomes can be distinguished and 
consequently correlations of chiasma frequency can be calculated be- 
tween the groups and also within the group of small chromosomes. A 
negative correlation was demonstrated during some analyses while 
positive ones occurred in others, in fact a wide range of coefficients 
could be calculated by both methods. 
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It is suggested that negative correlation of chiasma frequency 
occurs only when reproduction of the chromosomes is precipitated or 
pairing delayed, so that the degree of pairing may be affected in plants 
where many chromosomes are present or where the chromosomes are 
large in size. Such correlations can have no influence on recombination, 
but rather they are the occasional outcome of the mechanism controlling 
chiasma frequency. 
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DIFFERENTIAL BEHAVIOUR OF CHROMOSOMES IN SCILLA 
By 
H. Rees 
With 3 Figures in the Text, 
(Eingegangen am 28. November 1957) 


1. Introduction 

It is characteristic of the nuclei of most species that the chromosomes 
of which they are comprised contract or “condense’’ at an equal rate 
during prophase of cell divisions. In species where differences in conden- 
sation are normal occurrences they are associated with heterochromatic 
chromosomes or segments of chromosomes. Recently abnormal differ- 
ences in condensation have been described by JArIn (1957) at meiosis in 
certain Lolium plants’ following heat treatment. His results have an 
important bearing on the progress of meiosis generally as well as on the 
nature of differential behaviour exhibited by chromosomes contained in 
the same cell. It is worthwhile giving a summary of Jatn’s results 
before dealing with the present work which concerns related phenomena 
in a Scilla species. His results, briefly, were as follows: 

1. In each of many pollen mother cells, at diplotene and later, two classes of 
chromosomes were distinguishable in respect of their degree of contraction. One 
class consisted of strongly contracted chromosomes, invariably paired by chias- 
mata. The second class was, relatively, retarded in that the chromosomes were 
less contracted. Frequently these were unpaired. 

2. Nucleoli in the abnormal cells varied in number from one to six, as com- 
pared with one, sometimes two, in normal cells. The nucleoli were associated with 
contracted, never with the retarded chromosomes. 

The following observations of abnormal meiosis in Scilla pollen 
mother cells make some further contributions towards the under- 
standing of differential behaviour within cells. They also throw light 
on the specificity of response of particular chromosomes. This is possible 
in Scilla because unlike Loliwm, the chromosomes to some degree can be 
distinguished by their lengths. 


2. Material 


The plants belonged to a diploid clone (2n = 12) of Scilla sibirica, 
variety Spring Beauty. The abnormal meiosis was discovered in two 
bulbs kept indoors. A bulb grown outside had normal meiosis, so that 
it is probable, especially in view of Jarn’s work, that these “spontaneous” 
abnormalities were influenced by temperature. 

Buds were fixed in acetic alcohol, stained in aceto-carmine. 
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3. General description 

In one way or another meiosis was irregular in almost all pollen 
mother cells in the indoor bulbs. With rare exceptions the chiasma 
frequency was extremely low, the average about 3.0 per cell; and less 
than one per cent of the cells contained no univalents. Differential 
condensation was manifested by more than 50 per cent of cells. Associ- 
ated with these main effects were poor congression and orientation at 
metaphase, abnormal, frequently split, spindles at anaphase (Fig. 2a), 
and in rare cells extensive chromosome breakage (Fig. 3e). Since the 
asynaptic cells contained either equally or differentially condensed 
chromosomes the two effects must be independent, although probably 
they arise from the same cause. Defective metaphase arrangements of 
‘chromosomes as well as the abnormality of spindles are commonly 
associated with asynapsis (see DaRLincton 1937) although to some 
extent, as JAIN found, the irregular orientation of some bivalents may 
well reflect uncoordination between the centromeres in respect of their 
orientation and the development of the spindle, a timing anomaly to be 
expected where chromosomes within the same cell are not synchronised 
in their division cycles. 


4. Cells with differentially condensed chromosomes 

Within these pollen mother cells from diplotene to metaphase the 
chromosomes fall into two or three classes showing different degrees 
of stainability and contraction (see Fig.3). The occurrence of three 
classes is in contrast to Jatn’s Loliwm results, where two only were 
distinguished in any one cell. It may be that. the greater variation of 
response in Scilla indicates greater genetic diversity between members 
of the chromosome complement. This is not an unreasonable assumption 
when one compares the chromosomes of the two species on the basis of 
length: in Lolium there is comparitive uniformity, in Scilla considerable 
variety. 

The extent to which chromosomes differ within the cell (see Fig. 3) is 
variable, as in Lolium. There is in Scilla however no correlation between 
the degree of retardation and the number of advanced chromosomes as 
there is in Lolium. This was shown by scoring the number of advanced 
chromosomes in a sample of cells exhibiting extreme retardation. The 
results are represented in the graph (Fig. 1), from which it will be seen 
that extreme differences between chromosomes are found in cells with 
few or with many advanced chromosomes. The graph is instructive 
in another way viz. that odd numbers of advanced chromosomes are 
found in the same cell, although more frequently, as the peaks of the 
graph indicate, the numbers are even. It is clear from these data, and 
from general observation of cells (e.g. Fig. 3a) that homologous chromo- 
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tomes do not always respond in the same way, although more commonly 
they do. The difference from Loliwm in this respect is worth considering. 
There, as pointed out earlier, advanced chromosomes are always present 
in even numbers. It will be remembered too that the homologues in 
Lolium not only behave alike but when condensed always have formed 
chiasmata. It is tempting to attribute the similarity of their behaviour 
to their proximity consequent upon chiasma formation, and the diverse 
behaviour of some homologues in Scilla to their separateness consequent 
upon asynapsis. Further- 

















bers of a bivalent always 
are. Some additional evi- 
dence relating to this possi- 
bility will be discussed later. 

Specificity. It is un- 
fortunate that the chromo- 
somes could not be com- / 
pletely classified during , fp | 
meiosis in these cells. It 
was however possible to 
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mosomes was in any way 
related to size, and hence to particular chromosomes, cell samples were 
scored in both bulbs. Despite the confusion of the classification based on 
length by differences in contraction it was evident that the long chromo- 
somes were more often retarded than short chromosomes.. Within 22 
out of 23 cells that could confidently be analysed retardation was 
greatest in longer chromosomes. That there are exceptions one would 
indeed expect from the fact that even homologous chromosomes may 
behave differently. In general however the relation holds good. 
Chiasmata. The short chromosomes, generally the more advanced as 
we have seen, rarely form chiasmata. Long chromosomes on the other 
hand frequently do so. In the 23 cells dealt with in the previous section 
the average chiasma frequency of the longest chromosome pair was 0.90, 
and in the shortest pair it was less than 0.05. We need to know whether 
the ability or inability of particular chromosomes to form chiasmata in 
these cells is related to their degree of condensation, or alternatively to 
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chromosome length independently of this. One way to find out is to com- 
pare the chiasma distributions of cells in which the chromosomes are 
synchronised with those in which they are not. If differential condensa- 
tion affects the chiasma frequency we would expect the variances of 
chiasma frequencies between bivalents to be greater within unsynchroni- 
sed cells than in the others. Comparisons were made between samples 
from each bulb. The data appear in Table 1. 


Table 1. The chiasma frequencies in pollen mother cells with and without differential 
condensation 





Chiasma frequency 























Bivalents Cells | Variance be- 
ae RE GORE ES jtween bivalents 
ofilels fish 
Bulb 1 | Synchronised 28! 26 6 ‘0 Gila 3 lo 0] 5 an 1 ‘| o| 1 0.45 
(10 cells => Sa 
each) |Not synchronised 36 21| 3 | 0| 1 | 1 as de He slat i— | 0.35 
—|—! EE NS, EGER FOE FREE) Crees (a —_. SREY (eae El Vee ERIE Ack eT 
Bulb 2 | Synchronised | 63 26) 1 0) 2 | 5 | 4|2 }2 | 1 | JL} 022 
(15 cells -' 
each) Not synchronised] 55} a 3 | 0 slo 0 my 4 | 7 la: 1 | as —\-— 0.32 


In Bulb 2 the difference between the variances within cells has a 
probability of approximately 5%, being greater in the unsynchronised 
cells. However the results from Bulb 1 are completely contradictory, 
the variance being greater, although not significantly so, in the syn- 
chronised cells. There is therefore no good evidence for a direct causal 
relation here between condensation and chiasma formation and since 
condensed bivalents are occasionally found with uncondensed univalents 
in the same cell it must be concluded that the chiasma frequency in 
the main at least is related to length per se. 

Nucleoli. Normally in Scilla sibirica one or two nucleoli appear at dip- 
lotene. In contrast up to six or more nucleoli are found in these abnormal 
plants. The organisation of nucleolar material, as in Lolium, is disrupted. 

Although in Lolium the nucleoli without exception were attached to 
advanced chromosomes, JAIN rejected on various grounds the hypo- 
thesis that the attachment of nucleoli was directly related to chromosome 
condensation. His conclusion is borne out in Scilla, paradoxically, by a 
totally different association of nucleoli and chromosomes from that 
found in Lolium. Nucleoli in Scilla are associated with both advanced 
and retarded chromosomes. There is therefore no doubt that the attach- 
ment of nucleoli is not a prerequisite for condensation in these cells. 
One must however question whether the possibility of deficiency, actual 
or functional, of nucleolar material (ribo-nucleoproteins) causing failure 
of condensation can be entirely ruled out. One of JAIN’s main objections 
to this is based on the work of JACOBSEN and WEBB (1952) who showed 
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that ribo-nucleoproteins are deposited on the chromosomes at mitosis 
vefore the nucleolus diminished. It has since been shown however that 
the amount of RNA for example can vary in the nucleolus to some degree 
independently of its size (Lin 1955). It is therefore not impossible that 
retardation in Loliwm and in Scilla may be due to a deficiency of, or 
failure to utilize, nucleolar material. There is no evidence that this is so, 
but it seems worthwhile pointing out that the evidence to the contrary 
is not entirely conclusive. At the same time the evidence from Scilla 
in no way contradicts JarIn’s view that DNA synthesis in the retarded 
chromosomes is abnormal. 

As La Cour (1951) has shown blobs of heterochromatin occur at the 
ends of a number of the Scilla chromosomes. They can be seen to 
condense in advance of the rest of the arms (Fig. 3c). Whether they 
play any special part in the condensation of these chromosomes generally 
is not known. 


5. Spatial relations of chromosomes and fragments 

Two kinds of fragments found in some of the pollen mother cells 
provide an useful means of inquiry into some aspects of differential 
behaviour. The first, a long fragment, was produced occasionally by 
inversion crossing over in one of the long bivalents (Fig.2b). The 
second, a smaller fragment, probably, though not certainly, was not a 
product of inversion crossing over (Fig. 2c, d). 

The long fragment, in all cases held attached to the rest of the 
bivalent by chromatid attraction, was found to be synchronised with the 
chromosomes from which is was derived. Evidently whether centric or 
acentric did not directly affect the condensation-subsequent that is to 
crossing over when the fragment was cut off. 

The short fragment in five out of the six cells in which it appeared, 
was, unlike the long fragment, detached and separate from its parent 
chromosome or chromosomes. In the one case it was held in proximity 
to a chromosome by a sticky matrix (Fig. 2c). What is significant is 
that whereas the detached fragments (Fig.2d) were more advanced 
than any other chromosome in the nucleus and therefore not synchronised 
with their centric counterparts, the attached short fragment (Fig. 2c), 
like the attached longs, was synchronised with the chromosomes in its 
vicinity. It would appear that what determines whether the fragments, 
long or short, are synchronised with their complementary segments is 
their proximity or otherwise. There is therefore good reason to suppose 
that the chromosome segments co-operate, and are therefore synchronised, 
over limited distances, whereas they are unable to co-operate over longer 
distances and consequently are not synchronised. It will be recalled 
that there was some evidence suggesting that the homologous chromo- 
somes sometimes behave differently in Scilla because of their asynapsis 
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and hence their unattachment. In view of the above observations this 
would be a most feasible conclusion. The conception of co-operation of 
closely associated chromatin within these nuclei is further reinforced by 
the synchronisation of chromosomes within groups that, despite squash- 
ing, can occasionally be clearly distinguished in some cells (Fig. 3b). 





Fig. 2a—d. a Abnormal spindle at first anaphase. Chromosome movement is mainly to- 

wards one pole. b—c. Diakinesis. b A large fragment is attached to the long bivaient and 

in respect of condensation, synchronised with it. c A short fragment, attached by stickiness, 

is synchronised with the chromosome in its vicinity. Note the 5 nucleoli (dotted). d A short, 

detached, fragment not synchronised with the rest of the chromosome complement. Unsha- 

ded chromosomes are retarded, black chromosomes are advanced and the cross-hatched 
, chromosomes intermediate. x 800 


From a genetical standpoint another possible cause of the differen- 
tiation within the nuclei must be considered, that is variation in the 
immediate external environment of the chromosomes — the cytoplasm, or 
extrachromosomal material inside the nuclei. That the cytoplasm is 
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Fig. 3a—f. a Three advanced univalents, with two bivalents and five univalents slightly 


retarded. b Three stages of condensation in one cell. Note synchronisation within the two 
retarded sub-nuclei, one of which has a nucleolus. 


c Univalents and one long bivalent 
with a single chiasma are retarded. d Slight retardation in six of the twelve univalents. 


e Extreme fragmentation at metaphase. f One long bivalent retarded. x 950 
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concerned with the abnormality there is little doubt because in the same 
anthers we find genetically identical nuclei behaving differently in 
different cells. The differential behaviour of chromosome groups within 
the cells also, in so far as it is independent of their constituent chromo- 
somes, must, on any deterministic grounds, be initiated by causes 
external to them. Such a view does not exclude that of co-operation 
between chromosomes in close association. Indeed the latter would be 
expected to reinforce and amplify the initial differences within the 
limits of the co-operating groups. The two causes in fact need not be 
regarded as alternatives but complementary to one another. 


6. Conclusion 

While the cause of the differential behaviour is not known we can 
with some confidence specify the conditions affecting its consequences. 
In the first place particular chromosomes respond to the abnormal 
conditions within the cell in different ways. In Scilla it was shown that 
long chromosomes were more frequently retarded than short ones. 
A specific chromosome response was also deduced by JAIN in Lolium, 
from the disproportionate preponderance of unsynchronised cells with 
one or two advanced bivalents. This kind of specificity may or may not 
be simply related to length, for example the minimum requirements for 
condensation may be greater for longer chromosomes. There is no 
evidence either way. 

A second condition, along with the first, would certainly appear 
to be the spatial relations of chromosome material within the nucleus, a 
factor recently discussed in general terms by DarLineton (1957). On 
this basis the abnormal cells could be regarded as containing nuclei 
where co-operation was restricted, uncharacteristically, over limited 
distances. As suggested earlier the initial cause of this is most reason- 
ably attributed to differences in the cytoplasm, which in normal cells 
permits general co-operation within nuclei, but which in abnormal cells 
with genetically identical nuclei, does not. 
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